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Name of the student; Jyotirmayee Dash Roll No.: 9810777 

Degree for which submitted: Ph.D. Department: Chemistry 

Thesis title: Norbornyl a-Diketones as Important Building Blocks in 

Organic Synthesis 

Thesis Supervisor: Dr. F. A. Khan 

Month and year of thesis submission: December 2002 

The thesis has been organized under nine main sections, titled; a) 
Introduction, b) Chapter 1, c) Chapter 11, d) Chapter 111, e) Conclusion, 
0 Experimental Section, g) Selected Spectra, h) References, and i) 
Appendix; X-ray data which will be followed by a Chart, listing all new 
compounds prepared and reported in the thesis. 

The norbornyl a-diketones 1, the title compounds of the thesis, 
having a powerful assembly of two adjacent carbonyl groups in a rigid 
bicyclic frame-work, with the availability of a wide range of 
substituents R' and R* of our choice, and the bridgehead halogens, 
could function as versatile building blocks that are suitable for cleverly 
designed synthetic maneuvers to achieve the desired targets. The 
norbornyl a-diketones 1 were recently prepared in our laboratory by 
following a novel and remarkably efficient methodology by employing 
cat. RuClv3HjO and stoichiometric NaI 04 oxidation of the 
corresponding tetrahalonorbomyl derivatives. 
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Synopsis 


It is interesting to note that the presence of Iial ogens in 
tetrahalonorbornyl precursors is rather a compulsion than diOiice and a 
complete reductive dehalogenation is almost invariably folilowed in 
almost all the applications known so far. We perceivec* tliat if the 
reactivity pattern of the halogens were exploited in selecstiv e organic 
synthesis, it would prove as an important asset to the chenmistry arising 
from these valuable derivatives. We have demonstrated, fow the first 
time, the selective exploitation of bridgehead halogens for C-C bond 
formation at the bridgehead and theutility of vinylic halogens to obtain 
synthetically useful a-diketones 1 with the retentiom off l>»ridgehead 
halogens. The a-diketones were exploited for the synthessiss of novel 
and structurally diverse molecular entities as diagrammed iinChart 1 . 

The Chapter I, titled the a-Dikctomes as Iretiursors for 
Cyclopentanoids has three subsections. 

[A] Synthetic Studies Towards Pentenomji'jiws: It is 
interesting to note that in the case of mono-efl</osiibstitijte«dd erivatives, 
the H 202 /Na 0 H cleavage of diketones promotes highly rtgaoselective 
intramolecular Sn 2 reaction at the tertiary bridgeheadi carb«on leading 
exclusively, after esterification with diazomethane, to thue bicyclic 
lactones 2 (Chart 1). The methodology was successfully^ used for the 
preparation of fully functionalized cyclopentane derivatives 3 from the 
corresponding chloroderivatives. The stereoselective forwiaKion of the 
potential bridged lactones was fruitfully exploited for studi^es directed 
towards the synthesis of antibiotic pentcnomycim -4, We have 
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XI 


successfully' dlevelo|)ed a veiry short and stereoselective sequence for the 
synthesis of 2-hy<droixy iwethyl 4-deoxy pentenomyciti 5 and 2- 
hydroxymethyl |3ente*ionmiyc:in derivatives 6 in 5 and 7 steps in an 
overall yield of ^\ 3 % aind 20.6% respectively starting from the 
tetrabrornonorbomyl cderiiva..tives. The key feature of our synthesis vas 
the C5 quartemary an dG stereocentre are fixed at an early stage in a 
stereoselective nnamne rstlatiiig fronn the versatile bicyclic lactone 2. 

[Bj A Novel Rsadfical Approach to Unusual Spiro-iactan : 
This section deals withaaun elegant and serendipitiously discovered 
synthesis of functionaliz-ed spirocyclic lactams via radical mediated C- 
C bond formation. Ther~ad ical mediated, intermolecular bridgehead C- 
C bond formation of thervesrsatile bridged lactones 2 with acrylonitrile 
followed by LA. H reducMion of the adduct 7 (chart ! ) intriguingly leads 
to the formation oF nove hppiro-lactam building blocks 8. 

[C] A Shoarl Synthetic Route to y- and 5- 
CyclopcRtannuilatei bMctrones; From our group we have obser~ved the 
cleavage of ketohe mi aceslals derived from catalytic rutheniunn oxidation 
of tetrahalonorbo rnesne dierivatives possessing endo-hydroxy methyl 
substituents, under P b(0^ .0)4 or alkaline H2O2 conditions to reveal the 
y-Iactone fused cycl opoeitanoids. In continuation of our preliminary 
observation a systemaatic study was carried out to realize the 
cyclopentannulatedf'-laBCtcsnes making use of the persuasive advantages 
of the structural fleKibBitS' and stereochemical control offered by the 
tetrahalonorbomene deatimtives. Further, the cleavage of diketones 
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bearing endo haloalkyl groups under alkaline H 2 O 2 conditions also 
furnished y- and 8-Iactones thus providing a choice from a range of 
dienophile precursors (allyl alcohol or allyl halide or 4-bromo-l- 
butene) which contribute three and four carbons, respectively to the y 
and 5-lactone fused cyclopentanoid skeleton 9. The cyclopentad iene 
derived monoadduct was also fruitfully employed in the synthesis of 
oxa-tetracyclic hemiacetals and acetals 10 and a diquinane based y- 
lactone 11 (Chart 1), which could serve as a precursor for the 
construction of rigid biologically important diacylglycerol (DAG) 
analogs. 


The Chapter II of the thesis depicts “A Concise Synthesis of 
Novel Oxabridged Compounds.” In this chapter we described the 
development of an elegant and stereoselective stratergy for the 
replacement of 1,2-dihaloalkene bridge of tetrahalonorbomyl 
derivatives by an oxygen bridge via the a-diketones, which allowed us 
to design some rigid molecular scaffolds that could act as smart 
molecules. 

A highly oxygenated, novel pentacyclic bis-oxa-bridged 
compound 12 was synthesized with remarkable efficiency starting from 
readily available tetrachloro-5,5-dimethoxycyclopentadiene and 1,4- 
cyclohexadiene in 3 steps in an overall yield of 29.1% via one pot 
transformation of bis a-dione. The endo,syn,endo~ bis adduct of 
tetrachloro-5,5-dimethoxycyclopentadiene and cycloheptatriene was 
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exploited for the first time in organic synthesis for the construction of a 
novel bis-oxa-bridged pentacycle 13 via the bis diketone, having a core 
of cis, syn, cis- 5-7-5-ring system. We have successfully incorporated 
interesting structural variations in the structure of rigid molecular 
scaffolds; not only we can have highly symmetric molecules 12 and 13 
with both the oxygen atoms on the same side (syn) but also “kinked 
structure” 14 and 15 with oxygen atoms on the opposite face (anti). We 
believe, this will have important consequences with regard to its 
structure and properties, e.g., now these molecules, although Cj- 
symmetric are chiral, a fact that could be fruitfully exploited to design 
chiral catalysts and phase transfer reagents. The molecule 15 has a 
perfect crown component with three o.xygen atoms separated by two 
ethylene bridges, with the central oxygen suitably placed to participate 
in any binding or recognition event with either of the oxygen bridges 
present in opposite faces. 

The an//-oxa-bridge derivatives 14 and 15 were prepared from 
2:1 endo,anti,endo- Diels-Alder adduct of tetrachloro-5,5- 
dimethoxycyclopentadiene with cyclopentadiene and furan 
respectively. The stereochemistry of the bis adducts and the cmti oxa- 
bridge derivatives were established by single crystal X-ray analysis of 
14 and 15. Interestingly, out of the three theoretical possible isomers 
only 16 was isolated in 80% of yield from the cleavage of pentacyclic 
bis-diketone derived from the RUCI 3 oxidation of 2:1 adduct of 
cyclopentsdiene. A single crystal X-ray analysis was carried out to 
unambiguously confirm the structure of 16. 
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A variety of other oxa-bridge derivatives such as 17 (n-1-4), a 
fully oxygenated cyclopentanoid core 18, a molecule possessing a cis 
bis-THF core, (the dioxabicyclo [3,3.0] octane core) 19, present in 
several naturally occurring lignans, were successfully synthesized. 
Further, the methodology was not restricted to only norbomyl a- 
diketones derived from cyclic dienophiles, the bridged oxetane 
derivatives with any substituent pattern, for example 20 derived from 
monosubstituted a-diketones were also prepared. In contrast to all the 
applications, the availability of ‘retained’ bridgehead halogens by our 
method, facilitate smooth incorporation of oxa-bridges in a stepwise 
manner through a formal ‘bisnucleophilic’ oxygen. The preparation of 
substituted diquinanes (one is shown in chart 1, 21) and hydroazulene 
ring systems 22 were also realized from a-diketones. 

The Chapter III has two subsections, and dscribes “Indium 
Mediated Reactions of Norbomyl a-Diketones.” 

[A] Regio- and Diastereoselective Reduction of Non- 
enolizable a-Diketones to Acyloins Mediated by Indium Metal: We 
developed an efficient methodology by which a variety of a-Diketones 
were efficiently reduced with indium metal in methanol-water in the 
presence of either NH4CI, LiCl or NaCl to give regio- and 
diastereoselectively the corresponding acyloins in good to excellent 
yield. The mono substituted derivatives underwent smooth 
transformation to the acyloins in a regio- and stereoselective manner to 
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furnish the major isomer 23 (R^=H) and the minor isomer 23 (R‘=H) in 
a ratio of 100:0 to 64:36; probably via the protonation of the common 
acyloinate intermediate. In case of disubstituted derivatives indium 
mediated reduction proceeds stereoselectively to furnish the 
corresponding acyloins 23 in high yield. The cleavage of the acyloins 
under Pb(OAc) 4 /MeOH-PhH condition provided a convenient and 
regioselective access to highly functionalized cyclopentane 
carboxaldehydes 24, potential building blocks in organic syntheses. 

[B] Diastereoselection During Allylindium Addition to 
Norbornyl a-Diketones: We studied the allyindium addition to the 
norbornyl a-diketones. In case of the disubstituted derivatives the 
indium mediated allylation proceeds stereoselectively to furnish the 
corresponding acyloins 25 in near quantitative yields. Interestingly, in 
monosubstituted derivatives (R^=H), the regioselectivity of allylindium 
addition depends on the chelation of the enrfo-substituent. The 
allylation of endo phenyl substituted diketone (X=C1) furnished 82:18 
ratio of regioisomers, in which the major isomer was derived from the 
addition to the carbonyl group, which is diagonal to the endo 
substituent. However opposite regioselectivity was observed during the 
addition to endo alkoxy substituted derivatives. 
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Chart 1 : The synthesis of novel and structurally diverse molecular 
entities starting from a-diketones. (E=C02Me) 
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The plenitude of functional groups along with the vast array of 
methodologies to create, interconvert and utilize them in a variety of 
bond forming and bond breaking reactions serve as an important asset 
for designing chemical synthesis of any target molecule. The carbonyl 
group received an overwhelming importance and quite often, played the 
pivotal role in the advancement of synthetic organic chemistry. The a- 
diketones, a powerful assembly of two adjacent carbonyl functionality, 
are not surprisingly of great interest because of their wide ranging 
applications. The norbornyi a-diketones 1,2, the title compounds of the 
thesis, having two adjacent carbonyl groups in a rigid bicyclic frame- 
work, with the availability of a wide range of subslituenis R' and of 
our choice, and the bridge head halogens, could function as versatile 
building blocks dtat are suitable for cleverly designed synthetic 
maneuvers to achieve the desired target. The norbornyi a-diketones 1,2 
were recently prepared in our laboratory by following a novel and 
remarkably efficient methodology by employing cal. RuClj.3HiO and 
stoichiometric Nal 04 oxidation of tetrahalonorbomyl derivatives 3,4 
(Scheme !).’ 

in ail the cases the reaction proccN^s smoothly and efficiently, 
{Movidlng g^3od to excellent yield of crystalline, yellow o-diketones. 
The reaction time varied considerably, but in gomal tetrabrono 
derivatives required relatively longer time compared with t^rwhloro 
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derivatives and so is the case with disubstituted versus monosubstituted 
(R^®H) derivatives in each series. 


Sclienie I: Ruthenium-Cataiy;^d, Novel and Facile Procedure for the 
Conversion of Vicinal Dihaioalkenes to a-Diketones' 




X<l«>rBr 



74.99% 

4X-Br jX-Br 


Mono wbfiituted derivtuvc* R»-H. R«- •) Ph. b) OEi. c) CHjOAc, d) OAc, e) IMS, f) COjMe. 

|| CHjBr, h^CHjCI, eic , Disubi^ityled «ierivHiv«$, t-l) m-COjMc, etc 


The ictrahalonorbomcne derivatives 3,4 the immediate 
precursors of the title compounds 1,2 are easily accessible via an atom 
economic and ewcfo-selective Dicis-Alder reaction between 1, 2,3,4- 
lctrahab-5,5-dimetho5tycyclopenta-l,3-dienc 5 (or 6) and a suitable 
dienophiie (Scheme 2).^ ’ The tetrachloro derivatives 3 continue to 
serve as inextricable, celebrated rigid templates in oii^ic synthesis 
offering a hi^ degree of regio- and stereooontrol.* The wide 
applications arising from these abunduitiy available and eminent rigid 
templates in the synthesis of complex multi-stereo natural products and 
their intermediates and marvelous unusual molecular architectures, are 
attributed to the presence of tunable functional groups, viz, masked 7- 
keto, Ci-Cj double bond and variable substituents acquired from 
dienophiie.* 
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Scheme 2: Tetrahalonorbomyl derivatives in organic synthesis 


McO OMt 



X X 
5 X = Cl 
6X = Br 



r eagents 
(lit, reports) 
only for X~CI 




Reagents: 1. U *BuOH, THf\ reflux 

2. y. ‘BuOH,THF, reflux 

3. Najiq. NH 3 ,THF, EtOH 

4. Na, ElOH, reflux 
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It is interesting to note that the presence of four chlorine atoms 
is rather a compulsion than choice. All synthetic applications reported 
to date required a 7-norbomenone acetal 7 or the corresponding ketone 
8 which are readily accessed from 3 by complete reductive 
dehalb^nation* followed by acetal hydrolysis (Scheme 2). It is 
noteworthy that dte role of tetrachloro diene 5 is to serve the purpose of 
a synthetic equivalent for cyclopentadienone 10 as the latter is unstable 
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and highly susceptible to dimerization^ because of the anti-aromatic 
character contributed by the polarized structure 11 involving 4jre' 
cyclopentadienium cation.*” Since l,2,3,4-tetrachloro-5,5-dimethoxy- 
cyclopenta-1, 3-diene 5 has been used as cyclopentadienone equivalent, 
the four chlorine atoms are therefore wasteful groups that are invariably 
stripped off subsequently in a reductive manner. Further, unlike 
tetrachloronorbornenes 3, the tetrabromo analogues 4, which could also 
be obtained easily via a Diels-Alder reaction,^ did not receive any 
attention as useful building blocks. This, in our opinion, was due to lack 
of methods for selective utilization of the two sets (2 vinylic and 2 
bridgehead) of halogens, while efficient methods exist for complete 
dehalogenation.* Any strategy that involves the complete reduction of 
halogens is quite uneconomical for the tetrabromo analogues 4 due to 
molecular weight loss that accompanies the process. The fact that the 
tetrabromo analogues were never exploited as building blocks in 
organic synthesis coupled with sturdiness of tetrachloro- 
dimethoxynorbomene part of the cycloadducts towards a variety of 
reagents including oiganometallics, oxidizing and reducing agents, 
phases, and even acids, which diminished the fascination of these 
derivatives, provided us the stimulus to selectively exploit the ‘strong’ 
sp^ hybridized vinylic halides and ‘susceptible’ sp* hybridized 
bridgehead halides. We perceived that if the reactivity pattern of the 
halogens in 3 and 4 is exploited in selective organic tynthe^is. It would 
ppove as an important asset to the chemistiy arising from these 
tetrahalonorbornene derivatives. 
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We have reported for the first time, the selective exploitation of 
bridgehead halogens for C-C bond formation at the bridgehead’ and 
subsequently demonstrated the utility of vinylic halogens to obtain 
synthetically useful a-diketones 1,2 with the retention of bridgehead 
halogens employing both tetrachloro and tetrabromo derivatives 3,4 in 
high yield.' Now we have accomplished the preparation of a small 
library of 55 new a-diketones (Scheme 1 ). The reagent system, the 0.7 
mol% of RUCI 3 . 3 H 2 O, 1.6 equivalent of NaI 04 in 6:1 MeCN and water 
is found quite tolerable to a wide variety of substituents.' 

This transformation was highly gratifying particularly in the 
light of literature search results which revealed that the vicinal 
dichloroalkene moiety in 3 is quite robust and inert to many oxidizing 
agents like Oj,*” OSO 4 ,’ KMn 04 '° etc. It is known that cyclic 1 , 2 - 
dihaloalkenes can be cleaved by ozonolysis in MeOH" to give directly 
the methyl ester. Jung and coworkers** observed that the exposure of 
tetrachlorodimethoxy-norbornene derivatives to ozone for several hours 
at room temperature (it is notable that ozonolysis reactions are normally 
performed at -78 °C) in MeOH did not induce any reaction. The 1,2- 
dihaloalkene moiety on these systems was found to be unaffected by 
prolonged exposure to OSO 4 for 2 days.^ 

The halogenated double bond cleavage in a relatively strain- 
free bicyclo[2,2.23 system was reported by Akhtar.'® When the chloro 
alkene 12 was treated with KMn 04 in acetone, the double bond got 
cleaved to give the diacid 13 (eq, 1 ).'° 
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n 15 

We extended KMn 04 mediated oxidation method on our model 


substrates la and 2a. No change in the starting material was observed 
by treatment of la and 2a with KMn 04 in acetone at reflux 
temperature.' Both remained unreactive even under vigorous conditions 
of refluxing with ethyl methyl ketone (eq. 2). The literature precedents 
and our own findings reveal that the 1,2-dihalo aikene moiety of 
tetrahalo-7,7-dimethoxy norbornene is exceedingly robust and is Inert 
to a wide range of strong oxidants. 

KMn 04 

— ♦ No Reaction (eq. 2) 

1. acetone, reflux 

2, ethyl methyl 
ketone, reflux 

laX'^Br 



la XCl 


The results presented in this diesis comprise some preliminary 
and interesting applications of these new derivatives 1,2 in organic 
synthesis. The dihalo norbomyl a-diketones 1,2 were successfully used 
in the synthesis of naturally occurring molecules and impoitant 
intermediates such as y- and 5-lactone fused cyclopentanoids'^ (Chapter 
1), unusual molecules of novel architecture (Chapter 2),'® and some 
organometallic transformations, particularly indium mediated efficient 
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regio- and diastereoselective reductions'^ and allylations taking the 
advantage of structural constraints of norbomyl skeleton were studied. 
The recognition of four halogens, to serve as fruitful functional groups 
and the concept of selective utilization lead us to employ the tetrabromo 
derivatives 4 to generate some interesting and purposeful chemistry. 

The cleavage of the a-bond between two carbonyl groups in a- 
diketone derivatives paved the way to obtain a new class of 
cyclopentanoids or bridged bicyclic lactones. The potential bridged 
bicyclic lactones were successfully utilized in the synthesis of naturally 
occurring biologically active pentenomycin analogues, aza-spiro cyclic 
compounds (Chapter 1). Novel and structurally diverse molecular 
entities were efficiently synthesized utilizing the two methodologies 
developed in our laboratory'’’ employing both tetrachloro- and 
tetrabromo-7,7-dimethoxynorbornene derivatives. 



Chapter lA 

Synthetic studies towards Pentenomycins 

I. Introduction 

Pentenomycins belong to a novel class of bioactive 
cyclopentanoid natural products. The seven members of small but 
rapidly growing family of antibiotics include Pentenomycih I, II and 
III (14, 15 and 16), dehydropentenomycin 17 and epipentenomycin I, 

II, and III (18, 19 and 20), shown in Chart 2. 

Chart 2; Seven members of pentenomycin family 



14 Rl-Rl-n 17 18 RI-Ri=U 

I5R'-n.R'-Ac 19R'-H.R'-Ac 

16 R'-Ac. RJ-H 20 R'-Ac, R*“H 


The synthetic interests of various research groups towards 
these targets is due to their considerable activity towards Gram- 
positive and Gram-negative bacterial including Neisseria 
gonorhoeae^^''^ and Neisseria meningitidis'^''^ and the potential 
pharmacological importance of the cyclopentenone structural entity, 
a highly reactive functionality in a wide variety of structurally 
complcK antitumor agents.'* The antibiotics, pentenomycin I (14), an 
amorphous powder and pentenomycin II (15), a syrup were first 
isolated in 1973 by Umino et al. from aerobically cultured tuoths of a 
mutant stain of Streptomyces eurytkermus,"* the epipentenomycin I 
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(18) was isolated from carpophores of Peniza sp by Bern i I Ion et al 
in 1989.'^'’ 

Chart 3: Polyhydroxylatcd cyciqjcntanc derivatives 



Among them, pentenomycin 1 14, usually referred to simply 
as pentenomycin. attm<aed considereble ath^^^ «rd as a result four 
racemic and five chhal syntheses lave been reported.”'" Various 
synthetic approaches given by different groi^eis are discussed briefly 
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in the following section. The antibacterial antibiotic pentenomycins 
have been the subject of increasing attention because of their highly 
oxygenated basic skeleton, which was found in diverse range of 
biologically potent natural products.'’"^'’ Some of them are listed in 
Charts. 

Scheme 3: Smith's synthesis of pentenomycins 





// 


Br 


21 



OH 


l.TBDMSCl^ 

imidazole, DMF 
2. OsO, 



OTBDMS 


ScOj, Bu‘OH 
reflux 



OTBDMS 


AcAPy^ 
4«C\ !8h 





1 . Jone*s oxidation 

2 . HP* 


aq. AcOH 
THF 


14 17 


15 


1.1. Various synthetic approaches to pentenomycins 

a) Smith's approach: Smith and coworkers reported the 
synthesis of all the seven members of (±)-pentenomycin, utilizing a- 
keto vinyl anion equivalent.'^ The cyclopentenone 22 is the key and 
common intermediate in the synthesis which was obtained from a- 
bromoketals 21 (Scheme 3). Eventually the common intermediate 22 
was derived from cyclopent-2-en-l-one.'^*^ The eplmeric series of 
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pentenomycins were also synthesized starting from 22 following the 
Sfcheme 

Scheme 4; Smith's synthesis of epipentenomycin 


OH 



b) Verheyden et al.'s approach: Verheyden et al. described 
the first synthesis of optically active pentenomycin 14 and 6-deoxy 
pentenomycin 23 starting from D-glucose.'* The l,2:5,6-di-0- 
isopropylidine-a-D-ribo-hexofuranos-3-uIose derivative 24 was 
converted to vinyl ether 26 via 25, which under mild acidic 
hydrolysis furnished 27. The cyclopentenone 28, the precursor for 14 
was derived from the keto aldehyde 27 by an aldolisation- 
dehydration sequence (Scheme 5). 

The authors concluded that “Even thou^ the above 
synthesis highlights the versatility of carbohydrate derivatives as 
intermediates in the synthesis of optically active natural products but 
the synthesis is quite lengthy and associated with a number of 
unwanted problems.”'* 
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Scheme 5: Verheyden et al.'s synthesis of pentenomycin 



c) Zwanenburg's approach: In this report the key 
intermediate, the 4-functionaIised tricyclodecenone 30 was derived 
from a Diels-Alder cycioaddition between cyclopentadiene and a 
dienophile obtained from furan 29. The tricyclodecenone 30 v/as 
transformed to diacetate 31, which after acylation and Flash Vacuum 
Thermolysis (FVT) affords 14 in a cycloreversion reaction (Scheme 
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Scheme 6: Zwanenburg's synthesis 



30 31 


d) Stoodley's approach: Stood ley and coworkers reported 
the synthesis of (-)- pentenomycin from D-quinic acid 32 and of (±)- 
pentenomycin from ethyl chloroacetate and chloroacetaldehyde.® 

Scheme 7: Stoodley’s synthesis of (-)- pentenomycin 
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The D-quinic acid 32 was transformed to the diol 33, which after 
oxidative cleavage affords the dialdehyde 34. The cyclopentenone 35 
was derived by an aldolisation-dehydration sequence, serves as the 
precursors for (-)- 14 via 36 (Scheme 7).^“ 

In the above synthesis, none of the original stereo centers 
present in the starting material 32 was utilized, except one, which 
was employed to install the other functionalities of 14 and finally 
eliminated. 

e) Ogasawara's approach: Ogasawara described a 
diastereocontrolled synthesis of (-)-pentenomycin^' starting from (+)- 
37. The enantiopure 37 was converted to the key a-hydroxy 
methylenone (+)- 38 by Baylis-Hillman reaction.^'® The synthesis of 
(-)-14 was completed by following a nine step sequence from 38, 
involving thermofytic cycloreversion as the penultimate step 
(Scheme 


Scheme 8: Ogasawara's approach 



f) Al-Abed's Approach: Scheme 9 depicts a very recent 
synthesis of (-)-14 by Al-Abed.^^ The synthesis was accomplished in 
five steps from the key intermediate polyhydroxylated cyclopentene 
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Scheme 10: Gallos Synthesis 





1.2. Our strategy: The existing strategies towards pentenomycins 
could be categorized as, i) those starting from cyclopentanoid 
precursors, ii) those starting from cyclohexanoid precursors followed 
by transformation to cyclopentane derivatives via ring contraction 
protocols, and iii) those in which carbohydrates are transformed to 
carbocycles. Although there are a few methodologies to reach the 
antibacterial antibiotic, as reviewed above, but a simple, practical 
and efficient method is still required. 
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regio- and stereoselective formation of bridged lactones 47 from the 
a-diketones and its further utilization in a very simple, highly 
expeditious and efficient manner in the synthesis of 2-hydroxymethyl 
4-deoxy pentenomycin derivative 48, and a 2-hydroxy methyl 
pentenomycin derivative 49, starting from the Diels-Alder 
cycloadducts 3,4 of readily available l,2,3,4-tetrahaIo-5,5- 
dimethoxy-cyclopenta-1 ,3-diene. 

2. Results and Discussion 

After successfully preparing a large number of a-diketones 
in excellent yields (general introduction), we wanted to explore 
various possibilities for their application in organic synthesis. At first 
we focused our attention to cleave the sigma bond between the two 
carbonyl groups in order to generate highly functionalized 
cyclopentanoids. Our preliminary attempts using LTA in benzene at 
reflux temperature and NaI 04 in aqueous methanol were 
unsuccessful. Finally, subjecting the a-diketones 1,2 to H202/Na0H 
conditions and subsequent esterification with diazomethane 
furnished the required cleavage products 50 and/or 51,52 (Scheme 
12). We could successfully manipulate the reaction conditions to 
achieve exclusively either a new class of highly functionalized 
cyclopentanoids possessing bis(a-chIoroester) ^oups 50, or the 
potential bridged bicyclic lactones 51,52. 
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Scheme 12: Cleavage reaction of a-diketones 



a) 1. HjOj, NaOH, MeOH, 0 <C-rt, 2) CHjNj, EtjO, 0 "C 

2.1. Regioselective access to bicyclic lactones 

The most imp)ortant aspect of the cleavage reaction is the 
question of regioselectivity in the case of monosubstitutcd 
a-diketones 2a,b possessing bridgehead bromines (Scheme 13) 
under the cleavage reaction conditions optimized to obtain bridged 
bicyclic lactones. Interestingly, a single regioisomer of the bridged 
bicychc lactones 52a, b were exclusively formed in good yields. 
SchemelS: Regioselective access to bicyclic lactones 



bROEt 

^ Scheme 14 shows the nMipuiMion of experimental 
coodmons to get exclusively either the <u„ctim,.lix«, cyclopentane 
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derivatives 50a,b or the bicyclic lactones 51a,b from chloro 
derivatives la,b. Conducting the cleavage reaction of chloro 
derivatives la,b with 2 equivalent of 6N NaOH for 2 h at 0-15 °C 
(identical conditions as for 2a or 2b which furnished bridged 
lactones), the cyclopentane derivatives 50a,b were solely foitned in 
excellent yields. However giving prolonged reaction time and 5 
equivalent of 6N NaOH at room temperature, the bridged lactones 
51a, b were realized. Longer reaction time is required for chloro 
derivatives than the bromo analogues to prepare the bicyclic 
lactones. 


Scheme 14: Cleavage reaction of chloro diketones 



50si,b 

]]|,b 

51a^b 

93% 


81% 

81% 

bR-OEt 

73% 


a) 1 . HjOj/6N NaOH (2 eq.), MeOH; 2. CHjN„ EtjO, 0 “C 

b) I . HjOj/6N NaOH (5 eq.). MeOH; 2. CHjNj, EtjO, 0 “C 

Scheme 15 depicts a plausible mechanism for the lactone 
formation. The initial anhydride intermediate 53, which is expected 
to form upon treatment with alkaline H 2 O 2 , opens up under the basic 
reaction conditions to give the dicarboxylate 54, a common 
intermediate for 50 or bridged lactones 51 and 52, Acidic work-up 
followed by diazomethane esterification affords the cyclopentane 
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derivatives 50 from 54 (Scheme 15). On the other hand, it is 
interesting to note that under suitable conditions the dicarboxylate 
intermediate 54 resulting from the HiOa/NaOH cleavage undergoes 
highly regioselective intramolecular Sn 2 reaction at the tertiary 
bridgehead carbon leading exclusively, after esterification with 
diazomethane, to the bicyclic lactones 51 and 52. This effect appears 
to be more pronounced in case of bromo derivatives 2. 


Scheme 15: Proposed mechanism for regioselective formation of lactone 



51 X-CI 
52 X-Br 
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The carboxylate group, which is adjatxnt to the endo 
substituent cyclizes (shown in 54), to give a regioselective access to 
the bridge lactones. The origin of regioselectivity, in our opinion, is 
the reactive envelop conformer 54a in which the only unsubstituted 
methylene carbon prefers the ‘flap’ position while the R group 
occupies pseudo-equatorial position. This view is supported by 
molecular model analysis. In this prefeired conformation, the 
carboxylate group a to the substituent R and the bromide leaving 
group are suitably disposed for an intramoiecutar Sn 2 reaction 
(Scheme 15). 

The 'H NMR spectrum of bromo lactones 52 showed three 
singlets (two for OMe and one for methyl ester) and the bromine- 
bearing bridgehead carbons appeared at 70.1 and 67.8 ppm 
respectively for 52a and 52b in '^C NMR spectrum. The bridgehead 
carbon bearing the ester group was assigned at 84.9 ppm for both 
52a, b. Similarly for the chloro lactones Sla,b the chlorine-bearing 
bridgehead carbons showed at 77.7 and 78.3 ppm, and the carbon 
attached to the bridged esters appeared at 84.6 and 84.9 respectively. 
The IR spectrum of the compounds, 51 and 52 shows two peaks, at 
1780-1800 cm'' for lactones and 1720-1740 cm'' for esters. The 
regiochemistry of 52 was unambiguously proved by 
hydrodebromination of the bridgehead halide using tribu^ltinhydride 
(TBTH/AIBN). The 'H NMR specirum of the reduced compounds 
55a, b showed a clear vicinal coupling between the bridgehead 



24 


Synthetic studies towards Pentenomycins 


hydrogen and the exo-hydrogen {J = 4.2 Hz) attached to the carbon 
bearing substituent R in both the cases (Scheme 1 6). 

Scheme 16: Reductive hydrodebromination of bridged lactones 




b R=OEt 93% 

The methodology was successfully used to stereoselectively 
incorporate the substituents on the cyclopentane ring. For example, 
the diketone 57 obtained from the endo selective methyl crotonate 
adduct 56, furnished exclusively a fully substituted cyclopentanoid 
derivative 58 (Scheme 1 7). 

Scheme 17: Synthesis of a fully substituted cyclopentanoid 58 



a) Cat. RuCIj-SHjO, NaI 04 , MeCN-HjO (6: 1 ), 0 °C, 1 h, 94% 

b) I ) HjOj, 6N NaOH, MeOH, 0-15 "C; 2) CHjN^, EljO, 0 <C. 89% 

Scheme 1 8 represents an example of a cleavage reaction of 
5,5-disubstituted diketone. The Diels-Alder reaction between 
tetrahalo-7,7-dimethoxycyclopentadiene 5,6 and methyl styrene 
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furnished the adducts 59,60 in high yield (Table 1A.1, experimental 
section page no. 204). The adducts were oxidized to furnish excellent 
yield of the corresponding diketones 61,62. The bromo diketone 62 
upon cleavage gave exclusively the bridged lactone 63. The cleavage 
reaction of the chloro analog, 61 afforded 61% of the cyclopentane 
derivative 64 having four contiguous quaternary centers. From the 
reaction mixture 14% of the bicyclic lactone 65 was also obtained 
(Scheme 18). 

Scheme 18: Cyclopentanoids with four contiguous quaternary centers 





a) Cat. RuClj 3HjO, NaI 04 , McCN-HjO (6; I ). 0 »C. I h. 94% 

b) I)HjOj,6N NaOH, MeOH, 0-15 «C; 2)CHjNj, a,O,0«C, 89% 

When the 1,1-disubstituted olefinic adducts possess an 
interactive group such as an ester, as for example 66 and 67, a 
mixture of diketones 68, 69 and a-keto hemiacetals 70, 71 was 
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formed. Upon storage, the diketones were gradually converted to the 
a-keto hemiacetals. A Diels-Alder reaction between tetrach loro-5, 5- 
dimethoxycyclopentadiene 5 and methyl methacrylate gave the endo 
adduct 66 in high yield (Table 1 A.l, page no. 204).^’ The tetrabromo 
derivative 67 was similarly prepared in almost quantitative yield by 
refluxing the tetrabromo-5,5-dimethoxycyclopentadiene 6 and 
methyl methacrylate under neat condition. 

Scheme 19 



Interestingly, when there is no substituent on the ester 
bearing carbon, only the <x-diketone was obtained exclusively from 
the RuCls oxidation (eq. 3).' This implies that the exo substituent has 
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some bearing on the conformation and reactivity 
facilitating the formation of the lactone easily. 




3,4fX=CI,Br 


of the molecule 


(eq. 3) 


On the other hand, the endo diester derivative 3m does not 
undergo a-keto hemiacetal formation with the same ease as the 
adducts 66,67 but prolonged reaction time for 40-50 h furnished 
some detectable amounts, 20-40% of the hemiacetal 74 depending on 
the reaction time (Scheme 20). When the a-keto hemiacetal 74 was 
subjected to diazomethane mediated ring expansion at 0 “C to room 
temperature, the a-ketospiroepoxide 75 was obtained in near 
quantitative yield. The spectral data and the melting point of the 
compound 75 formed, matches with the epoxide, previously obtained 
from our lab when the a-diketone Im was treated with CH 2 N 2 for the 
purpose of ring expansion of the a-diketone.^* The a-keto 
hemiacetal could exist in equilibrium with a-diketone and the latter 
underwent a highly stereoselective epoxidation. The approach of the 
reagent to one of the carbonyl groups of the a-diketone was 
exclusively from the exo-face giving the spiro epoxide where the 
oxygen occupies the endo position. 
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Scheme 20 



a) Cat. RuClj-SHjO, NaI 04 
MeCN-Hpce;!) 



As anticipated the basic cleavage of the chloro a-diketone 68 
furnished the highly functionalized cyclopentane derivative 72, 
having four contiguous quaternary centers. The bridged lactone 73 
tvas exclusively acquired from the bromo diketone 69 (Scheme 19). 
Unexpectedly, the LTA cleavage of the hemiacetal 70 furnished the 
bridged lactone 76 in 57% of yield (Scheme 21). To unravel the 
mechanistic details for the formation of the unusual bridged lactone 
76, we looked at this reaction more carefully and noticed the 
formation of a minor compound, the expected anhydride 77 in 14% 
of yield. The carbonyl group of anhydride and ester appeared at 
173.3 ppm in ‘^C NMR and the IR spectrum clearly showed anydride 
stretchings at 1850 and 1780 cm"', while ester carbonyl showed at 
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1720 cm'‘. The anhydride 77 was isolated and treated with absolute 
MeOH under reflux condition to afford the bridged lactone 76 (slow 
conversion). This prompted us to explain the mechanism as shown in 
Scheme 21. The solvent MeOH opens up the anhydride in the 
reaction medium to give a reactive conformer 78 in which the axial 
COOH group is suitably disposed to trigger an intramolecular Sn 2 
reaction at the quaternary a-chloro ester center leading to the bridged 
lactone in excess. 



Trimethylsilyl group is an important surrogate for hydroxyl 
functionality.^ Incoqjorating the TMS group stereoselective^ will 
provide an opportunity to cany out the synthesis wherein the 
hydroxyl group could be revealed at any convenient and desired 
stage. We ina>rporated the TMS group expediently using vinyl 
trimethylsilane as the dienophiie (Scheme 22). The Dlela-Alder 
reaction with tetrahalodimethoxy cyclopentadiemi 5,6 with vinyl 
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Scheme 22: Diels-Alder reaction with vinyl trimethylsiiane 




3eX=CI X-€l,73%,96:4 3c, 

4e X=Br X=Br. 52%, 94:6 4c, 

Cat. RuClj-SHjO 
NaI 04 

MeCN-HiO(6:l) 



2e X“Br, 78% 


1) HjOj. 6N NaOH 

MeOH, QfC 
30 min 

2) CH,Nj, EijO 

X-Ct 



trimethylsiiane gave a mixture of endo and exo products 3,4 e, ei 
with endo as the major product in each case. The major isomer was 
smoothly transformed to the corresponding diketones l,2e and 
further the cyclopentane derivative 79, having TMS substituent was 
realized in 80% of yield, executing the same protocol. Here it is 
important to note that the trimethylsilyl group survives the H 2 O 2 
condition, which is known to oxidize the TMS group.^® The exo 
proton attached to the carbon bearing TMS group (C-2), is shielded 
in comparison to the exo proton attached to the C-3 carbon in 'H 
NMR spectrum of adducts 3e and 4e (see spectral data from 
experimental section^ The exo protons attached to C-2 appear at 1 .95 
and 1.93 ppm, while the exo protons attached to C-3 appear at 2.45 
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and 2.41 ppm respectively for 3e and 4e. Similar spectral pattern was 
observed for the diketones le, 2 e and for the cyclopentane derivative 
79 due to the presence of TMS group. 

2.2 Synthesis of pentenomycin analogues: After successfully 
demonstrating the stereoselective formation of the potential bicyclic 
bridged lactones 51 and 52, we planned to exploit the methodology 
for the construction of cyclopentane based natural products in a 
stereoselective manner. We particularly focused our attention 
towards the synthesis of pentenomycins. A brief literature is 
discussed in the introduction of this chapter. We envisioned a new 
strategy starting from the versatile bridged lactones 52. The 
retrosynthetic analysis is depicted in Scheme 23. The key feature of 
our retrosynthetic analysis is to install the quaternary center C 5 
present next to a carbonyl group in a stereoselective manner, which 
is also a structural feature in many naturally occurring molecules 
shown in Chart 3. A simple LAH reduction of the bicyclic lactone 52 
would lead to the formation of oxygenated cyclopentane basic 
skeleton 80, from which the synthesis of 14 could be achieved by 
conventional transformations. This reflects the simplicity and 
feasibility of our methodology, which is different from the already 
existing ones. 
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Scheme 23: Retrosynthetic analysis starting from the bicyclic lactone 52 



To chock the feeeibility of out plan we carried out the LA 
reduction of the model substrate, the bridged lactone 52a, We wei 
not successful in isolating any poaluct f,o„ 

The LAH reduction was then performed on the lactone 55, derive 
rom the bridgehead hydtodebtomination of S2a using Bu,SnH. Th 
Polyhydtoxylated cyclopentanoid derivative 81 was acquited in 895 
of yteld. The cyclopentanoid 81 has the tetptited quatemao- cente 
present in pentenomycins and the catbocyclic nucleosides Thi 

U-dio,moie^of 81 was further cleaved using NalO. in iti MeCN 

whid. could be usmi to incorporate 

ammo functionality for the <ivnth«- . corporate 

ynthesis of ammo cyclopentanolds and 
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further to create the enone part of the pcntenomycins and related 
natural products.'^’ 


Scheme 24: Synthesis of oxygenated cyclopentanoids 




^OMc 

McO. 
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For synthesis of pcntenomycins, we started with ethyl vinyl 
ether adduct 3b. It was prepared In 85% yield from tetnbromo 
dimethoxycyclopentadiene and ethyl vinyl eUier in benzene in a 
sealed-tube at 140-150 °C for 30 h. The DWs-Alder adducts 
prepared were given In a tabular form in e}cporiiiMmtai section. The 
adduct 3b was oxidized to the (x-diketone lb in immut C|uantitative 
yield (^heme 25), As discussed earlier, the aikidiiie HjOj cleavage 
reaction of lb fiimished a single regbisrmier ^ ttw bromo lactone 

_ _ -TSV.-iS i 

bn of the 
reduction 


52b in 78% of yield (Scheme 13). 

bridged lactone 52b by radical reaetbo ftdbwed||f lAW 

' ■ 'i-' i-- 


jUb^l fli 
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of 55b, furnished the polyhydroxylated cyciopentanoid derivative 83, 
with the required quaternary center of pentenomycins (Scheme 25), 
Scheme 25: Synthesis of 2-hydroxymcihyl 4Kleoxy pentcnotnycin derivative 





LAH.THF 

0«C-rt 

85% 


LAH,THF 

OC-rt 

56% 



Surprisingly, a direct LAH reduction of bromolactonc 52b in 
THF also fumislied the same compound 83 in 56% of yield, although 
« anticipated inversion of stereochemishy at 0-2. The formation of 
eyelopentanoid derivative 83 without «. invemion at 0-2 via both the 
pathways reveals that an electron-transfer radical mechanism is 
operative in the LAH reduction of the bromolactone 52b/' We also 
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performed the LAH reduction of the corresponding chlorolactone 
51b to achieve the same compound 83. By giving shorter reaction 
time at room temperature the intermediate cyclopentanoid 84 having 
a-chloro hydroxymethyl group was obtained, however by continuing 
the reaction for 2 days, the compound 83 was obtained (Scheme 26). 
This demonstrates a short synthetic route to the polyhydroxy lated 
cyclopentanoid 83, the advanced intermediate to pentenomycin and a 
crucial intermediate in the synthesis of carbocyclic nucleosides.^^’^^ 
Scheme 26: LAH reduction of bridged lactones 



52b X - Br 


A plausible mechanism for the LAH reduction of 51b is 
depicted in Scheme 27. The Sn^ reaction at the sterically hindered 
C-2 carbon is apparently not feasible. The formation of 83 can be 
explained on the basis of a SET pathway involving an electron 
transfer from LAH to 51b (or 52b) to generate the radical anion of 
51b (or 52b). On loosing Cl" (or Br‘), this radical anion would 
produce a radical which then abstracts a hydrogen atom to give 83. 
At this stage it is not clear as to why hydrogen abstraction is taking 
place only from one face to give a single |«X)duct Further 
experiments to probe the mechanistic details are underway in our 
group. 
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Scheme 27: Evidence for SET Mechanism in LAH reduction 



The enone moiety of pentenomycin was simply achieved by 
using acetone in amberlyst-15. The substrate 83 affords 2- 
hydroxymethyl 4Kleoxy pentenomycin derivative 48 in 70% of yield. 
All the three desired reactions, namely the protection of the diol as 
acetonide, the deprotection of the dimethyl acetal and finally the 
elimination of the ethoxy substituent taking place in a single pot, 
which rarely happens in a synthetic sequence. 

We could able to accomplish a veiy short and stereoselective 
quence for th© synthesis of 2-hydroxymefhy|-4-d«>xy 
pentenomycin derivative 48 in 5 steps in an overall yield of 413% 
^'ng from the tetrabromonorbomyl derivative 3b (Scheme 28). 

n. „V«,| yi,U i, ^ 

scheme 25. Uaving apan ^ 
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cyclopentanoid 85 is a common intermediate in Smith’s synthesis of 
all the seven members of pentenomycins. 

Scheme 28 




An advanced and common intermediate 
in Smith’s synthesis of ail the 7 members 
of pentenomycins 


Intractable mix. of products 



Pcntenomycin^^ 


At this stage we wanted to install the hydroxyl group at C-4, 
the required feature of the pentenomycin structure. The preliminary 
attempts using Se 02 for the purpose lead to an intractable mixture of 
products (Scheme 28). In order to circumvent the difficulties 
encountered in Se 02 reaction, we wanted to incorporate the hydroxyl 
group at an early stage by choosing suitable dienophiles of type 86, 
which could provide oxygen at the fourth position, as presented in 
the retrosynthetic analysis (Scheme 29). The key feature of the 
retrosynthesis shown in scheme 29 is to establish the C-5 quaternary 
center as well C4 stereocenter at an early stage in a stereoselective 


manner. 
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Scheme 29: Retrosynthetic analysis starting from the bicyclic liiK^lone 



The vinylene carbonate 87 was used as the dienophlle of 
choice for carrying out the synthesis (Scheme 30). A Die!s-A!der 
reaction between tetrabromodimethoxy cyclopentadiene 6 and 
vinylene carbonate 87 furnished the endo adduct 4i, in 86% of yield. 
Since the carbonate is sensitive for subsequent steps, it was 
deprotected to diol 4o and then reprotected as acetonide 4p. Then we 
performed the same sequence of reactions as depicted in Scheme 25. 
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The acetonide 4p was oxidized to yellow crystalline diketone 2p in 
near quantitative yield, which was further cleaved to furnish the 
bromolactone 52p in 97% yield. It is important to note that although 
we characterized all the intermediates thoroughly in the sequence, 
but the reaction up to the bridged lactone stage 52p starting from the 
tetrabromo adduct 4n, could now be carried out without any column 
purification. The crude reaction mixture was pure enough to be used 
directly for the next step, which is highly gratifying in a multi-step 
synthesis. The reductive hydrodebromination of 52p followed by 
LAH reduction of the reduced lactone 55p affords the 
polyhydroxylated cyclopentanoid derivative 88 (Scheme 30). The 
highly oxygenated cyclopentanoid 88 is a useful template that can be 
widely employed in the synthesis of highly functionalized five- 
membered rings, for example, carbocyclic nucleosides (Chart 3). The 
required quaternary center was acquired in a stereoselective manner 
and this advance intermediate contains all the required features of 
pentenomycin at C-1, C-4 and C-5. Once again subjecting the 
cyclopentanoid to amberlyst-15 in acetone furnished the products 49 
and 89, derived from four reactions taking place in a single pot, 
namely; i) the protection of diol, ii) the deprotection of acetonide, iii) 
the deprotection of acetal, and finally iv) the elimination of hydroxy 
functionality leading to the formation of 2-hydoxymethyl 
pentenomycin derivatives 49 and 89 in a ratio of 72:28 in 49% of 
yield (Scheme 30). 
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SchemeSO: Synthesis of 2-hydroxymethyl pentenomycinderiviuivcs 
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The synthesis of 2-hydoxymethyl pentenomycin derivatives 
49 and 89 was achieved by following a stereoselective sequence 
involving seven steps in an overall yield of 20.6% starting from the 
tetrabromonorbornyl derivative 4n (eq. 4). 



3. Conclusion 

In short, we have accomplished a new synthesi.s of 2- 
hydroxymethyl 4-deoxy-pentenomycin derivative 48, and 
functionalized pentenomycin derivatives 49 and 89 utilizing easily 
accessible starting materials, applying a simple and novel 
methodology recently developed in our laboratory. Further, the 
methodology used could be developed as a new and general 
synthesis of cyclopentenones. The advanced intermediates 48, 49, 88 
and 89 are also of considerable importance as gtycosidase inhibitors 
and carbocyclic nucleosides.^*’^* 



Chapter IB 

A Novel Radical Approach to Unusual 
Spiro-Lactam Building Blocks 


1. Introduction 

The development of synthetic sequences aimed at achieving 
desired molecular complexity present in multi-stereocentered 
polycyclic targets employing simple and easily accessible starting 
materials in a rapid, proficient as well as stereoselective manner 
continues to be a major challenge in contemporary organic synthesis. In 
this context, this chapter describes a novel, remarkably efficient, and 
serendipitously discovered synthesis of functionalized spirocyclic 
lactams via radical mediated intermolecular C-C bond formation. The 
azaspirocyclic substructures occur in numerous biologically active 


Chart 4: Structure of some naturally occurring azaspirocycles 



nitramiite sibiriiic isdtitrftiiii^ 
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alkaloids such as histrionicotoxin,^ sibirine,” nitramine,^^ 
isonitramine ” fasicularin^* etc. Some of these are shown in Chart 4. 

Scheme 31: Synthesis of (+)-sibirine 



K,NH, 

t-BuOH 

!-bromo-3-chloro 

propane 




The spirolactams also function as the crucial building blocks 
for the synthesis of 2-azaspiro[5,5]undecane g?X)up of alkaloids 
(Scheme 31).'^ Shultz reported efficient enantioselective synthesis of 2- 
azaspiib[5,5]undecane group of alkaloids such as sibirine, nitramine 
and isonitramine involving the sterec^lective Birch reductive 
alkylation strategy. The synfiiesis of sibirine started with stereoselective 
Birch reductive alkylation of anisic acid derivative 90 with l-bromo-3- 
chloropropane to furnish 91, using a chiral auxiliary, L>prolinoi. The 
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intermediate 91 was further transformed to the azide 92, the sodium 
borohydride reduction under phase transfer condition gave the 
spirocyclic lactam 93. Finally, the LAH reduction of hydroxy lactam 94 
furnished the (+)- sibirine 95 (Scheme 31). 

There are few methodologies that are known in the literature 
for the construction of azaspirocyclic ring systems.^*'^’ Simpkins 
reported the synthesis of azaspirocyclic ketones 99 using a radical 
cyclization (Scheme 32).^® The condensation of cyclic diones 96 with 
amines 97 furnished the vinylogous amides 98a, which was acetylated 
by subjecting to a two phase system, CHjClj-SOyo aq. NaOH in acetic 
anhydride using Adogen® 464 as phase-transfer catalyst. The resulting 
acetylated compounds 98b underwent cyclization, using TBTH, AIBN 
in benzene under reflux condition to give the spirocyclic products 99 
(Scheme 32).'^* 

Scheme 32: Radical cyclization route to aza spiro compounds 






98»X-H 

MbX-Ao 


a)CH,a,.50%NaOH(aq.), 
ACjO, Adogen®464 
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Two more recent eiounples are presented below. Tietze 
reported an efficient syndiesis of spirocyclic lactams 101 from primaiy 
amines, cycloenones ccmtaining pix^ionate side chain 100 involving a 
two-component domino process that includes the formation of a 
carboxylic amide followed a Michael addition in the presence of 
trimethylaluminium (Scheme 33)/’* 

Scheme 33: D(»nino spirocyclizttimi by Tietze 



Recently, D^e lepoited a semi-pinacol type ring expansion of 
cyclobutanols of type 103 to provide azaspirocyclic ketones I04a,b by 
the action of camphorsulfonic acid In hig^ yield and good 
stereoselectivity (Scheme 34)/^^ T^e yields in this rearrangement are 
high (67-94% ) and a diastereomeric ratio of 2,8: 1 to 1 :0 of 104a,b was 
observed. The cyclobutanols 103 were prepared from N-/^ 
toluenesulfonyl lactams 102. 
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Scheme 34: Scmipinacol-Type ring expansion of cj«:lobulanols 


r' 



104* 67-<J4%.2« I 10 10 I04l» 


In this section, development of a new synthesis of novel spiro* 
lactam building blocks i05 via a radical mediated, intermoleculw 
bridgehead C-C bond formation of the versatile bridged lactones 52 
with acrylonitrile followed by LAH reduction of the addudt, is 
described (eq.5). 



52 
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2. Results and Discussion 

The anti-Bredt nature of bridgehead enoiates derived from 
ketones having small bridges is expected to make their generation 
difficult or impossible?* However it is possible to generate carbanion at 
bridgehead in certain cases, but the intermediate anion appears to be 
highly reactive and displays chemistiy that is difficult to control. For 
the ketone 106, ‘external quench protocols’ were ineffective in trapping 
the carbanion, leading only to undesired dimeric aldol product. 
Deprotonation under insitu quench conditions in the presence of 
TMSCl at -105 °C gave the required product.*’ The insitu quench 
approach is incompatible with carbon-centered electrophiles such as 
Mel, allyl bromide, benzaldehyde, etc. However, indirect method 
involving fluoride mediated silyl exchange was successful (Scheme 
35). 

Scheme 35 




The reluctance of carbanions derived from norbornanones and 
related systems to undergo reaction with carbon-centered electrophiles 
at the bridgehead position** prompted us to explore radical mediated C- 
C bond formation employing their generically intimate and often 
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inevitable precursors, viz, tetrahaloronorbomenes.^ We successfully 
achieved the selective reduction of bridgehead halogens, and the C-C 
bond formation at the bridgehead using preparatively simple protocol 
employing tributyltin hydride leaving vinylic halogens intact (Scheme 
36).* It is noteworthy that attempts to make a C-C bond at the 
bridgehead of 7-norbomane derivatives employing strong base which 
can deprotonate the bridgehead proton were not successful.** In this 
perspective, our results were highly encouraging. 

Scheme 36: Bridgehead C-C bond formation and hydrodehalogenation’ 




In connection with an ongoing project towards the synthesis of 
antibiotic streptazolin 107,'*® we envisioned a useful new sequence for 
stereocontrol led formation of the unusual hexahydropyrindine ring 
system 111 as diagrammed in retrosynthetic analysis (Scheme 37). The 
bridgehead C-C bond formation of the bicyclic lactone 108 followed by 
LAH reduction of the adduct 109 would reveal the cyclopentane 
derivative 110, having amino alkyl side chain. The cyclopentanoid 110 
could serve as a potential precursor for the desired hexahydropyrindine 
derivative 111. Contrary to our expectation, the LAH reduction of the 
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acrylonitrile addition product 109 directly lead to the spiro amide 105 
(Scheme 39). 

Scheme 37: Retrosynthetic analysis starting from bridged lactone 



In the previous section, we have discussed the preparation of 

© 

i the bridged bicyclic lactones 52 from the corresponding a-diketones 
f (Scheme 13) in an efficient and highly regioselective manner, which 
^were further utilized in the synthesis of polyhydroxylated 

pcyclopentanoids. The bicyclic bromolactones 52 were proved to be the 

ife’ . . 

* promising substrates for the radical mediated intennolecular C-C bond 

formation at the bridgehead. The results are depicted in Scheme 38. A 

H 

slow addition of a benzene solution of TBTH to a refluxing mixture of 
and acrylonitrile as the radicophile resulted in the formaticm of 
i^'% of the bridgehead-frincdonalized product n2a along with 7% of 
reduced lactone 55a. By employing photochemical conditions. 
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113 was obtained in 33% of yield along with 40% of the 
hydrodebromination product 114 (eq. 6). The steric factor appears to be 
responsible for the diminished yield of adduct 1 13. 

Scheme 39: Synthesis of spirocyclic lactams 



After successfully accomplishing the synthesis of 
functionalized lactones 112 in good yield, we wanted to check the 
feasibility of our plan shown in Scheme 37. The LAH reduction of 
112a was carried out. In contrast to our anticipation, a 7- 
azaspiro[4.5]decan-6-one 105a was obtained in 63% yield (Scheme 
39), instead of the functionalized cyclopentanoid derivative 110. The 
lactam carbonyl group appeared at 174.7 ppm in NMR spectrum. 
The lactam carbonyl group did not undergo further reduction with LAH 
in the reaction mixture even when it was refluxed with excess reagent 
in THF for several houre. This is probably because of the firm 
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engagement of the lactam carbonyl under the reaction conditions as 
shown in 115. 

Scheme 40 : Synthesis of tricyclic spirolactam 



reOux 3.5 h 72% 9% 

hv 4 h 62% 23% 


LAH.TllF 

0<C-rt 

15 % 



The tricyclic lactone 52j also gave excellent yield of die 
bridgehead functionalized product 112j, when subject«i to TBTH 
under reflux as well photochemical conditions along with 9-23% of the 
reduced lactmie 116 (Scheme 40). The functionalized product H2| was 
treated widi LAH to furnish the tricyclic spirolactam 117, albeit in low 
yield (15%). The product 117 has a combination of fiised and spiro 
elements on a five membered ring. 
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Scheme 41: Sodium borohydride reduction of bridghead ester 


1.AH, THF 

O-C-rt 

71% 




We thought that pre-reducing the lactone moiety in 112a 
chemoselectively to obtain the corresponding lactol and then carrying 
out the LAH reaction would probably change the reaction course. We 
employed NaBH 4 for the purpose. However the reduction of l!2a with 
NaBH 4 in THF at room temperature furnished the alcohol 118 (Scheme 
41). The m^yl ester was reduced in preference to cyclic ester (y- 
lactone) which is not commonly observed except for few scattered 
reports of reduction of ester bearing an a-electron withdrawing ^up.'*' 
Our result illustrates a new example of NaBH 4 reduction of carboxylic 
esters bearing an a-mqrgen substituent. Apparently chelation and/or 
inductive activation accelerate the re«:tion. The spiroamide 105a was 
realized by treatment, of the alcohol 118 with LAH. The acidic 
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hydrolysis of the compound 105a afforded the azaspirocyclic ketone 
119. A single crystal X-ray analysis was carried out to prove the 
structure and relative stereochemistry of the aza spirocycle I05a 
unequivocally (Figure 1). The ortep diagram of 105a is shown in 
Figure 1. 

Figure 1: Ortep structure of the 7-azaspiro[4.5]decan-6-one 105a 



3. Conclusion 

In summaiy, we have developed a new sequence of reaction in 
which bridgehead C-C bond formation of the potential bridged bicyclic 
lactones provides a short and efficient route to extract novel, 
unexplored structural motilfe, v/r, 7-azaspiro[4.5]decan-6-ones from 
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norbomyl derivatives. We are further interested in studies of the 
biological activity of the lactams and construction of azsspirocyclic 
alkaloids, utilizing the methodology described. 



Chapter 1C 

A short synthetic route to 
y- and 5-cyclopentannulated lactones 

1. Introduction 

The a-diketones are versatile and reactive intennediates. One 
of the obvious consequences of the geometrical constraints on the a- 
dione moiety in norbomyl derivatives 1^ is the imposition of the 
unfavorable cissoidal conformation, rendering one of the carbonyl 
groups of the a-dione to acquire high propensity to interact either with 
a nucleophilic or electrophilic substituent, which is suitably disposed, in 
order to avoid unfavorable electrostatic interactions.'’'^ Thus, when the 
en<A>-substituent R' in 3,4 is hydroxymethyl, a stable hemiacetal 120 
(Scheme 42) in which one of the carbonyl groups of a-dione is 
switched to sp'^-hybridized carbon was isolated under the same catalytic 
RUCI 3 - 3 H 2 O oxidation condition as depicted in Scheme 1 . On the other 
hand, an electrophilic e/irfo-substituent (R'=CH0) promotes the 
formation of a stable hydrate 121 (Figure 2).' We describe in this 
section a novel, short and efficient methodology to realize the 
cyclopentannulated y-lactones making use of the persuasive advantages 
of the structural flexibility and stereochemical control offered by the 
tetrahalonoif)omene derivatives. 
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neutral using Pb(OAc )4 (method A), and basic using alkaline hydrogen 
peroxide (method B), cleavage reaction conditions (Scheme 42). We 
were delighted to find that the y, 5-Lactone-fused cyclopentanoids are 
among the most abundant substructures found in numerous naturally 
occurring molecules. A cyclopentane ring c/s-fused at the a,|3-bond of 
the y-, 5-lactone is the basic structural unit of many complex and 


Chart 5: Natural products containing cyclopcntannulated y,5-lactones as substructure 
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challenging natural products like Picrotoxinin, Bacillariolides, 
Anisalactones, Merrilactone A, Bilobalide, Ginkgolide, Flakinin, 
Dihydronepatalactone etc/^ Few representative examples are shown in 
Chart 5 /^ The cyclopentannulated y-, 8-lactones are not only 
responsible for the biological activity, but also function as the basic 
building blocks for the synthesis of a variety of cyclopentanoid natural 
products (e.g., methylenomycin A and epimethylenomycin 
This provided us the impetus to conceive a convenient and general 
method for their preparation. Various synthetic methods have been 
adopted in the literature to acquire this important ring system,'*"' 
however many of these are target oriented. 

2. Results and Discussion 

2.1 Synthesis of y-lactones: To expand the scope of the process to 
obtain y-lactone derivatives having substituents both in the lactone part 
as well as cyclopentane ring, tertiary alcohols 123 were identified as the 
suitable precursors. The alcohols 123 could, in principle, be prepared 
via the Diels-Alder reaction oftetrahalo-5,5-dimethoxycyclopentadiene 
5,6 with either suitably substituted allyl alcohols or substituted methyl 
acrylate followed by the conversion of ester group to tertiary alcohol. 
The latter option was preferred because while substituted allyl alcohols 
are poor dienophiles, substituted methyl acrylate, on the other hand, 
provides higher reactivity, e«do-selectivity and flexibility of 
incorporating any desired pair of substituents on the tertiary carbon.'" 
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Scheme 43: Synthesis of y-lactones 




X=C1 3.5 h a, 89% Ih 

X=Br 2h b,76% 2h 



a. 84% 

b, 82% 



[A] = Pb(OAcVMeOH:PhH( 1 :2), rt 

[B] =(i) Hp^/NaOH, MeOH, rt 

(ii) CHjNj/Etp, 0 “C 



Substrate Method Time (h) Yield (%)ol'I25 Overall yield from 3,4 f (%) 
X=C1 A 2 81 61 

B 1 86 64 

X=Br A 4 79 49 

B I 81 51 


Thus, the Diels-Alder adducts of methyl acrylate 3,4 f obtained 
from corresponding tetrahalo-5,5-dimethoxycyclopentadiene 5,6 were 
smoothly transformed into the tertiary alcohols 123a,b using Grignard 
reaction (Scheme 43).'^ Oxidation of these substrates with cat. RuCb 
and NaI 04 afforded the a-keto hemiacetals 124a, b in good to high 
yields. The a-keto hemiacetals 124a, b were subjected to both Pb(0Ac)4 
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and alkaline H 2 O 2 mediated cleavage reaction to give highly substituted 
y-lactone-fused cyclopentanoids 125a,b in good overall yield from the 
Diels-Alder precursors 3,4 f (Scheme 43).'^ 

The tricyclic a-keto hemiacetals 120 and 124 are important not 
only because of the occurrence of closely related substructure in some 
of the biologically active natural products** but also could serve as 
potential building blocks in organic syntheses. The method A directly 
furnished lactones 122 and 125 possessing methyl ester since MeOH 
was used as a cosolvent. In method B, which involves basic reaction 
conditions, the a-keto hemiacetal could exist in equilibrium with a- 
diketone and the latter underwent cleavage with alkaline hydrogen 
peroxide to give the diacid first. Upon acidic work up, one of the 
carboxylic acid group lactonized with the free primary alcohol and the 
Scheine44: Alkaline HjOj cleavage of hemiacetals 
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Other carboxylic acid group was converted to methyl ester by treatment 
with diazomethane (Scheme 44). 

There is a recent repwrt,''* in which such type of y-lactones 
served as crucial building blocks for naturally occurring cis:anti:cis 
tricyclic sesquiterpene (+)-kelsoene (Scheme 45). 

Scheme 45: y-lactone-fiised cyclopentanoid as the basic building block 



It is interesting to note that the diketones bearing endo 
halomethyl groups l^g and Ih derived from the corresponding adducts 
3,4 g and 3h also furnished, upon cleavage with alkaline H 2 O 2 , the y- 
lactone derivatives 122a,b in high yields (Scheme 46). The substrates 
l,2g and Ih serve as potential precursors for the synthesis of the 
lactones 122a, b, thus providing a choice from a range of allylic 
dienophile precursors, which contribute three carbons to the y-lactone- 
fused cyclopentanoid skeleton. 
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Scheme 46: Diketones bearing halomethyl groups m precursors 




3gX=Cl,R“Br 

4gX“Br,R=Br 

3hX=Cl,R“Cl 


15 min tg,^ 

25 min 2g,80% 

10 min lh,90H 


3h 

30 min 
3h 


! 22a. 98% 
122b, 95% 
122a. 73% 


[B] “ (i) HjO^aOH, MeOH, it. (ii) CHjNj® jO, 0 

Subjecting the a-dione Ig witfi alkaline H 2 O 2 for three hours 

followed by diazomelhane treatment furnished the y-lactone-fuscd 
cyclopentane derivative 122a (Scheme 46X However conducting the 
reaction for longer time (2 days), a one-pot, highly regio- and 
stereoselective transformation leading to a-hydroxy ester bearing y- 
lactone derivative 126 was observed. This is jMobably via the bridged- 
lactone intermediate as depicted in Scheme 47. The a-hydroxy esters 


me important in organic syntheses; an Orhsdo ester could serve as a 
precursor for die former through nucleophiUc displacement of halide by 
hydroxide anion. But the halogens in y-lactone derivative are tertiary in 
nature, and a Sn 2 reaction at this center would be rather difficult. 


However the a-hydroxy ester 126 was realized through a lactone 
assisted, highly regio- and stweoselective strategy as shown in Scheme 
47 . To chemically confirm, die lactone 122a was further treated with 
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NaOH to afford the a-hydroxy ester derivative 126, which supports our 
proposal (Scheme 47). 

Scheme 47: Regio- and stereoselective conversion to a-hydoxy ester 



The fact that a 5-encfe)-halomethyl substituent in norbomyl a- 
diketones conveniently affords the corresponding y-lactones (Scheme 
46) prompted us to design the synthesis of novel bis-y-lactones 
separated by dtquinane, e.g., 127 (Scheme 48). Such bis-y-lactones are 
known to be biologically active.*’^"^’ The most interesting is when 
Y*OH, it is a rigid model for biologically active DAG (Diacyl 
Glycerol) analogues.^^ 



,6 A short synthetic route to f md &cyclopemannutmed lactones 

Scheme 48: Retrosynthetic sdiwne for a rigid model for DAG dialogue 



The protein kinase C (PK-C) is an en 2 yme that plays a critical 
role in cell signal transduction after it is activated by the binding with 
DAG.'*’® Recently conformationally constrained analogues of DAG 
have been the focus of much interest in order of insight into “active 
conformations that bind efficiently to (PK-€). Marquez synthesized 
several bis y-lactones as molecular scaffolds for the construction of 
rigid diacyl glycerol (DAG) analogues. Some of those are shown in 
Chart 6. These compounds function as rigid DAG analogues and bind 
to the DAG target, PK-C, with micromolar affinities. 

Scheme 49: Synthesis of a rigid diaQ^l glycerol analogue by Mwquez 



The synthetic scheme for one of the bis y-lactone sepsurated by 
a spacer cyclopentane ring between ftte two ylactone moieties, is 
depicted in Scheme 49.'*’*’ 
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Chart 6: Diacyl glycerol analogues synthesized by Marquez 



We developed a short and elegant strategy for a new rigid DAG 
analogue synthesis, the retrosynthetic analysis is shown in Scheme 48. 
An advanced precursor 128, which is shown in Scheme 7 was 
synthesized in just three steps starting from easily accessible starting 
materials such as cyclopentadiene and tetrachloro-5,5- 
dimethoxycyclopentadiene 5. 

The easily available cyclopentadiene derived cycloadducts 
130a,b was brominated to give exclusively the dibromo compounds 
131a, b via trans addition of bromine to the double bond as shown in 
135 (Scheme 50). The dibromo compounds were subjected to RUO 4 
oxidation to furnish the corresponding diketones 132a, b in excellent 
yields (Scheme 50). The chloro diketone 132a was directly cleaved 
using Na 0 H/H 202 using THF as the solvent to furnish the diquinane 



68 


A short synlhelic route to y- and S<yclopentmmilated lactones 


based lactone 134 in 71% of yield. Here THF wm used as the solvent 

instead of MeOH. The lactone 134 could serve as an advanced 

intermediate for the bis-y-lactone 127. The hemiacetai 133a was also 

Scheme 50: Synthesis of a diquinane based y-lactone; 

A potential precursor for DAG Analogues 



bX-Br,92% l»X-8r,WS4 



«X-C1.9t% 



bX-Br.88% 

Reagents: a) Brj, CHCIj, 0 •€- rt, 5 h 

b) Cat RnCl,.3HjO, 0 •€. MeCN;HjO (6: 1 ) 

c) Pb(OAc)4/MeOH:PhH(3:l) 

aui) HjOj/NtOH, THF, (H>CH,N/EtjO. 0 •€ 
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treated under both neutral lead tetraacetate and basic H 2 O 2 cleavage 
conditions to furnish the diquinane lactone 134 in high yield. 

Similar type of polycyclic y-lactone-fused cyclopentane ring 
systems (eq. 7), was synthesized by Corey by intramolecuar 
Manganese(lII) acetate assisted cyclization of acetic acid derivatives on 
olefins (olefin carbolactonization).^® 


o 



In fact, we wanted to cleave the dibromo a-dione 132a under 
the normal basic cleavage condition using alkaline H 2 O 2 in MeOH to 
get the cleavage product, the lactone 134. However, we obtained an 
unexpected product, the oxa-tetracyclic acetal 136a in 69% of yield 
(Scheme 5 1 ). 

Scheme 51 



a)H20/NaOH.MeOH 

We then utilized this reaction for preparing acetals and 
hemiacetals. The dibromo a-diones 132a, b were subjected to 2 
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equivalent of 6N NaOH in MeOH as solvent leading to exclusively the 
corresponding acetals 136a, b in high yield (Scheme 52). Switching the 
solvent system to THF, excellent yields of the corresponding 
hemiacetals 133a, b were realized, which actually prompted us to 
choose THF as the solvent during the cleavage of the a-dione 132a to 
afford the lactone 134 (Scheme 50). Tbc acetals or hemiacetals were 
Scheme 52: Ag^ mediated reactions leading to acetals 
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obtained via intramolecular displacement of bromide by the alkoxide as 
shown in 137 for acetals (Scheme 52). 

We thought that Ag'' could act as a sequestrating agent as 
shown in 138 and possibly trigger the transformation under neutral 
condition, without the mediation of alkoxide or hydroxide. Indeed when 
the diketones 132a,b were refluxed with AgNOa in MeOH, high yields 
of oxa-tetracyclic acetals 136a,b were obtained. Further, the reaction 
was generalized to the monosubstituted diketone Ig. Subjecting the 
dione Ig to AgNOa in MeOH under reflux condition, the oxa-tricyclic 
acetal 139 was formed in high yield. Also under basic condition the 
acetal 139 and the hemiacetal 120a were prepared from the diketone Ig 
(Scheme 52). 

2.2 Synthesis of 5-lactones: The methodology was successfully 
extended to the synthesis of 5-lactones by using suitable dienophiles. 
We prepared the adduct 3r derived from tetrachloro-5,5- 
dimethoxycyclopentadiene 5 and 4-bromo-l -butene in 91% yield 
(Scheme 53). It was oxidized to give the a-diketone Ir in 94% yield. 
When the basic cleavage of the dione Ir was carried out, 68% of the 5- 
lactone fused cyclopentane derivative 142 along with 14% of 141 
possessing free hydroxyl group was isolated (Scheme 53). Under basic 
conditions, the initially formed a-keto hemiacetal 140 exists in 
equilibrium with a-diketone, and the latter gets cleaved with alkaline 
hydrogen peroxide to give diacid first. Upon acidic work up, one of the 
carboxylic acid group lactonizes with the free primary alcohol and the 
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Other orboxylic acid was esterified with diazontethane, as depicted in 
scheme 44. The intermediate hemiacetai 140 formed in the reaction 
mixture, which was separately chraved to give the lactones was also 
characterized. The diketone Ir was treated with 2 equivalent of 6N 
NaOH in THF to furnish 93% of die hemiacetai 140 via intrwnolecular 
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displacement of bromine by the alkoxide (Scheme 53). The hemiacetal 
was separately subjected with lead tetraacetate in 2:1 MeOH and 
benzene, and alkaline H 2 O 2 to afford exclusively the 5-lactone 142 in 
high yield. 

The mechanistically intriguing, lactone assisted, highly regio- 
and stereoselective transformation of a-chloro ester to a-hydroxy ester, 
at a sterically congested tertiary center is also feasible for 5-lactone 142 
as depicted in Scheme 54. The a-hydroxy ester bearing 5-iactone 
derivative 143 was obtained in 71% of yield. 

Scheme 54: Lactone assisted regio- and stereoselective 

transformation to a-hydoxy ester 


MeO OMe 
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With the hope of preparing the cyclopentannuiated seven 
membered lactone 144 the adduct 3s of tetracholoro-5,5- 
dimethoxycyclopentadiene witii the higher homologuc 5-bromo-l- 
pentene was prepared (Scheme 55). When the cleavage reaction of the 
diketone Is derived from the adduct 3s was conducted, the 
cyclopentane derivative 50s having 3-bromopropyl side chain was 
obtained instead of the lactone 144. This experiment clearly 
demonstrates that the intramolecular displacement of bromine is 
possible only when it leads to a five or six membered ring, and not 
feasible for seven membered ring. Further, it provides concrete proof 
for the fact that intermolecular displacement by hydroxide was not the 
Scheme 55 
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probable route and that only appropriate haloalkyl substituent furnishes 
the desired lactones. 

3. Conclusion 

In conclusion, we could successfully accomplish the y-lactone- 
fused cyclopentane ring system in three steps from Diels-Alder adducts 
in excellent overall yield (51-64%). The methodology provides 
flexibility to use Grignard reagent to achieve numerous structurally 
varied systems. A short synthetic access from a-diketones to y- and 5- 
lactones was also demonstrated. Lactone-assisted selective 
transformation of a a-halo ester to a-hydroxy ester functionality at a 
sterically congested tertiary center was realized both for the y- and 5- 
lactone. A short synthetic access from a-diketones to y- and 5- lactones 
was demonstrated and an elegant and stereoselective strategy for a rigid 
DAG model was developed, an advanced intermediate for its synthesis 
was prepared in just three steps starting from tetrahalo cyclopentad iene 
adduct. 



Chapter 2 

A Concise Synthesis of Novel Oxa-bridged Compounds 
1. Introduction 

The synthesis and chemistry of aesthetically pleasing, 
strained polycyclic unnatural compounds continues to fascinate and 
pique the imagination of chemists because of their, unusual 
geometries, marvelous structural architecture and intriguing 
chemistry leading to a great deal of physical-organic, theoretical and 
spectroscopic investigations.^® The unfavorable thermodynamic 
stability due to high strain which poses formidable synthetic 
challenge for designing a rational strategy for their creation, 
generated a lot of interest among synthetic chemists, and culminated 
in the synthesis of a wide class of strained systems, mostly 
carbocyclic compounds (Chart 7).*' Another equally enthralling 
synthetic task is the preparation of relatively less explored 
heterocyclic strained compounds, which have started receiving 
considerable current interest due to the exciting as well as more 
useful properties exhibited by them and for a comparison of their 
distinctive reaction behavior with the carbocyclic analogues, a few 
synthesis of [n]-hetero-[n]-peristylane is discussed below (Scheme 
56-59).*^ The rigid ‘heterologues’ decked with heteroatoms such as 
oxygen, nitrogen or sulfur, could serve not only as potentially 
promising metal binders but also as prospective building blocks for 
the synthesis of complex polycyclic unnatural and natural products. 
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Chart 7: Some aesthetically pleasing molecules 





Heptaprismane analogue Pigodane 



Oodecah^nme 


A novel and expedient synthetic approach based on the 
regioselective thermal cyclobutane fragmentation of hexacyclo 
systems 145,146 leading to the corresponding oxa tetraquinanes 
147,148, was developed by Mehta, the carbonyl group of 7- 
ketonorbornane remains intact (Scheme 56)/' The trioxa|5)- 
peristylane 149 was a novel extension of the oxatetraquinane 148.*^ 
Scheme 56: Synthesis of trioxa(5]-peristylane 



[n]-Hetero-[n]-peristylanes are related to tfte [n}-peristylanes, 
wtrere the methylene group on d»e rim of the ’bowl' are replaced by 
h^^oatoms and could serve p a mm clap of kmophores. Tlte first 
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elegant synthesis of pentaoxa[5]peristylane 153 by Mehta based on a 
facile cascade cyclization during ozonolysis of the aldehyde 152.^^“ 
The synthesis begins with the conversion of maleic anhydride adduct 
of 150 to the key intermediate 152 through a straight forward 
sequence of oxidation and Wittig olefination of dehalogenated endo, 
endo-&\o\ 151 (Scheme 57). 

Schemes?: Synthesis of pentaoxa[5]peristylane 



153 


Wu and coworkers synthesized for the first time the alkyl 
substituted pentaoxa[5]peristylanes 155 in an overall yield of 35- 
45% starting from the compound 154 as depicted in Scheme 58,” 
They have further demonstrated the direct substitution for the oxygen 
atom by the sulfur atom in the reaction of the acetal groups with 
Lawesson’s reagent (LR) leading to novel thia-cai^ compounds 
(Scheme 59).”' The oxygen atoms of tetraoxa cage compound were 
sequentially replaced by sulfur atoms with LR in dichloromethane at 
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This chapter d^ils with a one-pot synthesis of highly 

oxygenated strained bis-oxa-bridged compound from the bis-a- 

diketone and generalized to other substrates, thus demonstrating that 

the process could be efficiently applied to replace the 1,2- 

dihaloalkene bridge of tetrahalonorbomyl derivatives with an oxygen 

bridge via the diketones, as depicted in Scheme 60. 

Scheme 60: The replacement of dihaloalkene bridge by oxygen bridge via 
the diketones 



2. Results and Discussion 

Recently we have demonstrated from our laboratory a near 
quantitative conversion of bis-adduct 156 to bis-a-diketone 157 by 
employing ruthenium-catalyzed oxidation (Scheme 61). Driven by 
the curiosity to know what would be the fate of tetracarboxylate 
intermediate that would be generated under the a-dione cleavage 
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conditions, especially because of the availability of at least two 
intramolecularly displaceable halides for each carboxylate, the bis- 
diketone 157 was subjected to cleavage reaction using alkaline HjOa. 
The products formed in this reaction were isolated, characterized and 
assigned the regioisomeric pentacyclic lactone structures 158 and 
159 (Scheme 61).'^ 

Scheme 61: Cleavage reaction of bis a-diketone 157 




I.30%HjO,. 6NNaOH 
MeOH:THF(l;l),rt,lh 

2. CHjN j ,EtjO:MeOH ( 1 : 1 ), 0 C 



A detailed analysis of the possible pathways avai lable for the 
in situ generated tetracarboxylrte intermediate 1«1 is presented in 
Scheme 62. 
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Scheme 62. Synthesis of the novel bis-oxa-bridged compound 162 



Bridged Lactones U 2 Caged Lactones 

(Fornied) (Penned) (Not formed) 
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Path A or A’ would lead to bridged lactones 158 and 159, 
similar to those oi^ined in case of mono-diketones (Scheme 15), 
while path B or B’ would lead to caged lactones via transannuiar 
displacement. Interestingly both the pairs of lactones have the 
potential to undergo one more iteration of Sn 2 displacement, under 
basic conditions, this time utilizing the last surviving out of the four 

halides, leading either to a caged or oxa-bridged compound as shown 
in Scheme 62. 

Scheme 63. Synthesis of the novel bis-oxa-bridged compound 162 




coo- 

OMe 
OMe 


Rcagem: I . aq. NaOHAleOH. 24 h. K&mi 
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Our preliminary results'^ revealed that intermediate 160 
leads exclusively to bridged lactones (following path A or A’) in a 
ratio of 1 :2.7 (Scheme 60). Initially the minor bridged lactone (path 
A’) was treated with NaOH anticipating the formation of caged 
compound 161. However, for our surprise oxa-bridged derivative 
162 was obtained in 52% yield via intermediate A (Scheme 63) 
through a reiterative process which is selectively undergoing 
intramolecular Sn 2 displacement within each cyclopentane ring as 
depicted in Scheme 63. The structural assignment for 162 was based 
on single crystal x-ray analysis. It is intriguing that a reaction 
pathway leading to a strained oxygen bridged compound 162 was 
favored over the alternative that would have led to a less strained 
cage compound 161. 

At this point we thought of generalizing the methodology to 
obtain a variety of oxa-bridged compounds and to develop a one-pot 
procedure for the conversion of diones to oxa-bridged moiety, 
without the isolation of intermediate bridged lactones. Also, it is 
clear from the proposed mechanism that the major bridged lactone 
158 (path A, Scheme 62), which is not a suitable precursor for caged 
compound could in principle furnish oxa-bridged derivative 162, 
thus furnishing a ‘chemical’ proof for the structural assignment and 
proposed mechanism. 
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Indeed, when 158 was subjected to aqueous alkaline 
conditions followed by esterification, 162 was obtained in 46% yield 
(Scheme 64). The entire process essentially amounts to converting 
two hydrocarbons, i.e., benzene and cyclopentadiene to a highly 
symmetric pentacyclic bis oxa-bridged compound 162 by adding as 
many as 14 oxygen atoms (Scheme 64), since cyclohexadiene and 
tetrachloro-5,5-dimethoxycycIopentadiene were prepared from 
benzene and cyclopentadiene respectively. 

Scheme 64: Synthesis of bis-oxa-bridge derivative 162 from major lactone 158 



Reagent: 1. aq. NaOH/MeOH, 24 h. reflux; H 30 % 2. EtjO, 0®C 


Further the methodology should be applicable to the tricyclic 
lactones 51,52 i-1 (Scheme 12), since intramolecular displacement 
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was taking place in the cyclopentane ring. The results are 
summarized in Table 1. A variety of bridged tricyclic lactones 511-1 
and 52i-l were prepared from the RUO 4 oxidation of the 
corresponding tetrahalo adducts 3i-l and 4i-l followed by the alkaline 
cleavage of the a-diketones 1,2 i-l. The tricyclic lactones 51j, 52j 
and 511 were prepared previously in our lab. The yield and reaction 
time for the preparation of a-diketones li,l and 2 i,i from the 
corresponding adducts are shown in Scheme 65. When the tricyclic 
lactone 51j was refluxed with aqueous NaOH in MeOH for ! 8 h, the 
corresponding oxabridge derivative 163j was formed in 89% of yield 
(entry 3, Table I ). The methodology was generalized for a number of 
tricyclic lactones 51i-I and 52i-I employing chloro and bromo 
derivatives to obtain the oxa-bridged compounds 163i-l in high yield 
(Scheme 65, Table 1 ). The reaction condition for bromo lactones 52i- 
k was even optimized at room temperature to furnish the 
corresponding oxa-bridge derivatives in excellent yields (Table I, 
entry 2 , 4, 6 ). The 'H NMR spectrum of the oxa-bridge derivatives 
showed three singlets, two for OMe and one for both the methyl 
esters (3.81-3.82 ppm). !n'‘^C NMR spectra of 163i-I, a single peak at 
~167 ppm was observed for the ester carbonyl while the oxa-bridge 
bearing carbons showed a diagnostic peak in the range of 91.1-93.7 
ppm. 
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Scheme 65: Synthesis of tricyclic oxa-bridged derivatives 163 i-l « 



3iX»Cl 
4i, X« Br 
3k XCI 
4k X=Br 


RuCijJHp 

mo^ 

MeCN:H 

0<C-rt 


n“l 

4h 

11,98% 

n«i 

llh 

21,92% 


6h 

Ik, 97% 

n«3 

13b 

2k, 91% 



NaOiiMcOH 

2)CH2H;j,ElAO«C 

92-99% 


McO 


OMc 



1S3 i-l 


NaOH. McOH 
it-reflux 
86-93% 



“ The precursors!^ for 51, 52 j and 511 are not shown as they were 
previously prepared and reported by us. A detailed discussion for 
51, 52 i and 51, 52 k is given under the scheme 78 and 81 



1631 163j ld3k 1631 

E=C02Me 
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Table 1; Preparation of oxa-bridge derivatives 163i-I from 
bridged lactones 51, 52i-l.. 


entry 

substrate, X, 

n 

temp, time 

yield (%) 

product 

1 

51i 

Cl 

1 

reflux, 16 h 

86 

1631 

2 

52i 

Br 

1 

rt,28h 

88 


3 

51j 

Cl 

2 

reflux, 1 8 h 

89 

163j 

4 

52j 

Br 

2 

rt,24h 

90 


5 

51k 

Cl 

3 

reflux, 1 8 h 

88 

163k 

6 

52k 

Br 

3 

rt,24h 

93 


7 

511 

Cl 

4 

reflux, 20 h 

92 

1631 


However giving less reaction time, i.e., refluxing for one 
hour the chloro lactone 51j was stereoselectively transformed to the 
a-hydroxy ester derivative 164 in 91% of yield (Scheme 66). So 
depending on reaction time we could able to synthesize either the a- 
hydroxy ester derivative or the oxa-bridge compound. 

Scheme 66: Synthesis of a-hydroxy ester derivative 164 





a) 1 . aq. NaOH/MeOH, 24 h. reflux, 2. CHiNj, EtjO, 0 "C 
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and a 9-line '^C NMR spectrum indicates the symmetrical nature of 
the product 166. 

The oxa-bridge derivative 169 with a substituent on the 
cyclic dienophile part could be easily derived from the bridged 
lactone 168 via the a-dione 167. The ’H NMR spectrum of chloro 
lactone 168 showed three singlets (two for OMe and one for methyl 
ester) and the chlorine-bearing bridgehead carbons appeared at 76.3 
ppm in '^C NMR spectrum. The bridgehead carbon bearing the ester 
group was assigned at 85.6 ppm. The 'H NMR spectrum of oxa- 
bridge derivative 169 showed a singlet for both the ester groups at 
3.28 ppm. The ester carbonyls and the oxygen bearing carbons 
appeared at 167.2 ppm and 90.6 ppm respectively in *^C NMR 
spectrum. The symmetrical nature of 169 was evident from a 10-line 
‘^C NMR spectrum. 

The methodology was successfully applied for the 
preparation of the oxa-bridge derivative 170, where each carbon 
atom of the cyclopentanoid is connected to an oxygen atom, i.e., a 
fully oxygenated cyclopentanoid core starting from vinylene 
carbonate adduct 3n (Scheme 68 ).** The chloro derivative 3n was 
deprotected using K 2 CO 3 in MeOH and then reprotected as acetonide 
3p using amberlyst-15 in acetone (compare with Scheme 30 of 
Chapter 1 A, page no. 40). The acetonide was smoothly transformed 
to the a-diketone Ip in near quantitative yield. The diketone Ip was 
subjected under alkaline H 2 O 2 cleavage to furnish exclusively the 
chlorolactone 51p at room temperature, while conducting the 
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reaction at 0 “C for I h, the cyclt^ntane derivative SOp was formed 
in 33% of yield along with the lactone Sip in 54% of yield. The 
bridged lactone 51 was refluxed under aqueous alkaline condition to 
furnish the oxa-bridge compound 170 in 83% of yield. The mixture 
of compounds SO^lp was also subjected under same condition to 
give tiie oxa-bridge derivative 170. 

Scheme Sjmthesis of a fiii ly oxygenated cyclopentanoid i 70 



The 'H NMR spectrum of m exhibited 6 singfe^^^ 

the ester groups appearing at 3.86 ppm. The oxygenated derivative 
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170 showed a 10-Iine ‘^C NMR spectra, in which both the oxa-bridge 
bearing carbons appeared at 89.3, slightly shielded than other oxa- 
bridge compounds. 

2,1 One pot synthesis of oxa-bridge derivatives: After successfully 
demonstrating the smooth transformation of bridged bicyclic 
lactones to the oxygen bridged compounds, the next logical step was 
to develop a one-pot sequence directly from the diketone without the 
isolation of the intermediate bridged lactones. We started with the 
bis-diketone 157, which is the precursor for both 158 and 159. 
Treatment of 157 with aqueous alkaline H 2 O 2 in MeOH-THF, 
initially at room temperature, and then at reflux temperature followed 
by esterification gave the product 162 in 60% overall yield (Scheme 
69). Thus, 162 was prepared in just 3 steps with an overall yield of 
29.1% starting from tetrachloro-5,5-dimethoxycycIopentadiene and 
1 ,4-cyclohexadiene (Scheme 70). The two syn oxa-bridges in 162 
constrain the central cyclohexane ring into boat form. 

Scheme 69: Development of one pot procedure 
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Scheme 70: The two syn oxa-bridg(S fixe the cental cyclohexane ring 
into boat form 



Polycyclic natural products containing a hydroazulene 
substructures such as dilatriol, rameswarilide, phorbol, and 
guanacastepene A (Chart 8), represents interesting and yet 
demanding synthetic challenges and stimulate the development of 
new methodologies.” The presence of hydroazulene ring systems in 
biologically active natural products (Chart 8), attracted our attention 
to study the 2:1 adduct of cycloheptatriene 171 (Scheme 71 ). 

The endo,syn,endo- bis adduct 171 of tetrachloro-5,5- 
dimethoxycyclopentadiene and cycloheptatriene was prepared 
according to the literature procedure.** To our knowledge, this 
adduct has not been used so far for any synthetic application. We 
first hydrogenated 171 to obtain 172 which was then treated with 12 
moi% RUCI 3 . 3 H 2 O, 2.5 equivalent of NaI 04 in 6:6: 1 
MeCN:CCl4:H20 at room temperature for 30 h to furnish a near 
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quantitative yield of yellow crystalline bis a-diketone 173 (Scheme 
71). 

Chart 8: Natural products containing hydroazulene substructures 






One pot transformation of bis diketone 173 to bis-oxa-bridge 
derivative 174 was achieved in 71% of yield. In case of the highly 
symmetric bis-oxa-bridge derivative 162, the four methyl ester 
groups appeared as a singlet at 3.80 ppm, while two singlets at 3.80 
and 3.78 ppm were seen for the substrate 174 in 'H NMR in 
accordance with the reduced level of symmetry in the latter. The two 
sets of peaks at 3.46 and 3.30 ppm were assigned for the four OMe 
groups of 174. Similarly in '"’C NMR, a single peak was observed at 
166.5 ppm for all the ester groups for 162, while the compound 174 
exhibits two peaks at 166.6 and 166.4 ppm. The diagnostic four 
carbons bearing the oxygen bridge as well as the ester groups for 174 
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appeared as two sets at 92.9 and 92.1 ppm, whereas a single peak 
was seen at 91.6 ppm for 162. The molecule contains a core of cis, 
syn, cis- 5-7-5-ring system and the oxygen bridges are syn to each 
other. 


Scheme 71: Synthesis of bis-oxa-bridge 174 derivative from 
cycloheptatriene bis-adduct 171 




HjOj. NaOH (aq.) 

one-pot (71%) 
E^COjMe 



a) RuCfjJUp. mo, 
McCH:CCl4;lljO 
(6:6: 1), It. 30 h 


The synthetic sequence leading to oxa-bridge derivatives 


depicts a beautiful orchestration of selective utilization of the two 


sets of chlorines along with an illustration of an unprecedented 


example of extracting fullest advantage of geometric constraints on 
the reactivity of the molecule. In contrast to all the applications 
known so far of Jetrachloro norbomyl derivatives where complete 
dechlorination is invariably followed, the availability of ‘retained’ 
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bridgehead chlorines by our method, facilitate smooth incorporation 

of oxa-bridges in a stepwise manner through a formal 

‘bisnucleophilic’ oxygen as shown in Scheme 72. This demonstrates 

that the 1,2-dihaloallcene bridge of tetrahalonorbomyl derivatives is a 

useful surrogate for the oxygen bridge via the a-diketone. 

Scheme 72: Schematic representation of incorporation of formal 
"bisnucleopilic"(hypothetical) oxygen leading to oxa-bridged derivatives 


czzj> o" + 

’’bisnucleopilic" 




The establishment of an elegant and stereoselective strategy 
to replace the 1,2-dihaloalkene bridge by the oxygen bridge 
encouraged us to design some rigid molecular scaffolds which could 
act as smart molecules upon suitable elaboration (Chart 9). We could 
incorporate interesting variations in the structure of rigid molecular 
scaffolds; not only we can have highly symmetric molecules 162 and 
174 with both the oxygen atoms on one side but also “kinked 
structure” such as 175 with oxygen bridges on opposite face, 
separated by a central cyclopentane ring. Further, replacing the 
methylenf of central five membered ring by oxygen atom would 
provide a molecule 176, with a perfect crown component of three 
oxygen atoms separated by two ethylene bridges predisposed in a 
well defined structure. 
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Chart 9: Design of Novel Molecular Scaffolds; Smart Molecules 



Achiral Achiral CMnI Chiral 

162 174 175 176 


The first molecule (162 in Chart 9) is highly symmetric, thus 
achiral, the second molecule 174, although not as symmetric as the 
first one, but still achiral because of the o-plane passing through it. 
The anti oxa-bridge nature of the third 175 and fourth molecule 176 
has important consequences with regard to its structure and 
properties, e.g., now these molecules, although Cj-symmetric are 
chiral. Both the molecule possesses handedness, and we believe this 
will open up a newer avenue to design chiral caOiiyst such as crown 
ethers for phase transfer catalysis, vHhich are docked on rigid 
molecular scaflblds. 

2.2. 2:1 addict of tetrachloro«53~di]iietlH}3^ cyclopeotadieQe 
wiA cyclopentadlene: We lor the first time pref^med and studied die 
2:1 ^of cyclopentadiene wMi tetrahalo dimothoxy 

cyclopentadfene 5 (Scheme 73). The tetrahalo cyclopentadlene 
monoadducts 130a and 130b were ftirth«r treated with 1 equivalent 
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of 5 and 6 in benzene in a sealed tube for 48 h to furnish the 
endo,anti,endo- adducts 177a and 177b, unlike the cyclohexadiene 
and cycloheptatriene bis-adducts of 5. 

Scheme 73: Synthesis of anti oxa-bridge derivative 175 



In the 'H NMR spectrum of adducts 177, two singlets 
appeared for four OMe groups and two sets of equivalent peaks were 
observed for four methine protons. Two methine protons (Hg) gave a 
doublet at 2.99 and 3.17 ppm, the other two methine protons (Hb) 
showed a doublet of a doublet at 3.13 and 3.25 ppm, and the two 
methylene protons appeared as a triplet at 1 .77 and 1 .88 ppm for 
chloro and bromo derivatives respectively. Similarly in NMR 
two sets of bridgehead carbons appeared at 77.9, 77.1 ppm for chloro 
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adduct 177a, and at 71.4, 71.1 for bromo analog 177b. The chloro 
adduct 177a was smoothly transformed to the corresponding bis- 
diketone 178 in 95% of yield. 

Figure 3: Diamond picture of anti-oxa bridge derivative 175; gold 
(carbon), red (oxygen) and blue (hydrogen). 



The bis-diketones 178 (Scheme 73), and 183 (Scheme 75) 
were prepared by employing 12 mol% RuCU-SHaO, 2.5 equivalent of 
NaI04 in MeCN:CCi4.:H20 (12:12:1) at room temperaftire for 24 h to 
furnish a near quantitative yield of yellow crystelline product. 
Because of the insolubility of the bisadducts 177a and 182 CCI4 was 
used in addition to MeCN:H20 and tiie iunount of solvent was 
doubled compared to the bis dione preparation of 173 (Sch(»ne 71). 
The one-pot procedure was generalized for the ^mimetrical, 
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pentacyclic bis-diketone 178 to achieve the strained anti-oxa. bridge 
derivative 175 (Scheme 73). We unambiguously established the 
structure of the endo, anti, endo- adducts 177 and the anti-oxa bridge 
derivative 175 by the X-ray crystal structure of 175 (Figure 3). 
Scheme 74: Cleavage reaction of bis a-diketone 178 





Fascinated by the number of theoretically possible 
pentacyclic lactones that would be obtained from the unsymmetrical 
bisHjtketone 178 and also the utility of the resulting endo,anti,endo 
pentacyclic bis lactones as prospective building blocks for the 
c/j:an//:c« triquinanes, we carried out the cleavage reaction of 178. 
Interestingly, out of the three theoretically possible isomers 179, 180 
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and 181, only one i.e., 181 was predominantly formed and isolated in 
80% of yield (Scheme 74). 

From the extensive 'H and '^C NMR studies we concluded 
that the major lactone could be either 180 or 181, clearly ruling out 
structure 179. It was not possible, at this stage, for us to figure out 
which is which, i.e. the isolated product is 180 or 181? Both the 
structures are configurationally quite alike for an easy distinction by 
routine NMR, e.g., both the chlorine atoms are present on the same 
side as that of the carbonyl of lactone bridge and both the ester 
groups are present on the same side as the oxygen of the bridged 
lactone, in both the cases. The only difference between the two 
structures 180 and 181 is the location of the methylene of the central 
cyclopentane ring; whether it is located on the ester side or the 
chlorine side? The isolated compound clearly showed lactone and 
ester peaks in IR spectrum at 1800 and 1740 cm‘'respectively. The 
compound exhibited three singlets, one at 3.83 for both the ester 
groups, two at 3.58 and 3.69 for two pairs of OMe groups in the 'H 
NMR spectrum. The two sets of methine protons appeared at 3.70 as 
a doublet of doublet and at 2.99 as a doublet. The methylene proton 
'appears at 1 .92 p|Mn as a triplet. The bridgehead cariwns, two bearing 
chlorines and the other two bearing ester groups appeared at 75.0 and 
86.3 ppm respectively in '*C NMR spectrum. A compwison of Ha, 
Hb and He values of 175, 177, 178 and 181 is listed under Chart 10. 
• Which suggests that the two H, protons of 181 are more towards 
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chlorine side (comparing with the adduct 175) and two Hb’s are 
towards ester side (comparing with the oxa-bridge compound 175). 
Chart 10: Comparison of H,, H^and values 




177 

178 

181 

175 

Ha 

2.99 

2.89 

2.99 

3.04 

Hb 

3.13 

3.19 

3.70 

3.46 

He 

1.77 

1.66 

1.92 

1.72 


Hg, values are in ppm 

However, a single crystal X-ray analysis was carried out to 
unambiguously prove the structure of the bridged lactone, which is 
shown in Figure 4, clearly indicates that the methylene of the central 
cyclopentane ring is on the side of esters, i.e., 181 was exclusively 
formed in a highly regio and stereoselective manner. However, the 
crude reaction mixture of the lactones, which presumably contained 
traces of 180, was treated to furnish the oxa-bridge compound 175 in 
63% of yield. 
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Figure 4: ORTEP diagram of endo,anti,endo pentacyclic bis lactone 
181. Hydrogen atoms are excluded for clarity. 


012 



2.3. 2:1 adduct of tetrachloro-S^dimethoxy cyclopentadiene 
with furan: We also studied the previously overlooked 2: 1 adduct 
182 of tetrachloro-5,5-dimethoxycyclopentadienc 5 with furan.*’ The 
adduct was prepared by heating 2 equivalents of diene 5 with 5 
equivalent of furan in benzene at 130-140 ®C for 48 h in a sealed 
tube. We envisioned that a bis-a-diketone 183, resulting from the 
oxidation of 182 in near quantitative yield, would have wide 
synthetic applications due to its unique topology as well as functional 
group disposition. Subjecting 183 to one-pot reaction conditions 
smoothly transformed it into the novel Cj-symmetric pentacycle 176 
(Scheme 75). Figure 5 presents the X-ray structure of the molecule 
176. 
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Scheme 75: Synthesis of anti oxa-bridge derivative 176 from furan 
bis-adduct 182 



The an//-oxa-bridge compound 176 could function as a 
multifunctional molecule embodied with three important 
substructures as shown in Chart 1 1. The molecule contains a perfect 
crown component with three oxygen atoms separated by two 
ethylene bridges 184 (Chart 1 1) and the central oxygen is equidistant 
to the other two oxygen atoms on opposite faces as mentioned 
previously. The synthesis of structurally organized polyethers that 
have a preexisting disposition for strong metal ion binding continues 
to be the focus of much research.^ The molecule 176 comprises a 
cisimtr.cis fused tris-THF core 185. The POV ray diagram for the 
cis:mtiu:is fused tris-THF core of 176 is shown in Figure 6. 
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Figure 5: Diamond picture depicting mti-oxa bridge derivative !76; 
gray (carbon), red (oxygen), cyan (hydrogen). 



The polyethers containing five or three THF rings are iuiowi 
to exhibit ionophoric functions and cytotoxicities,*' Also the 
molecule 176 comprises of a hi^ly functionalized cisumiiicis oxa- 
triquinane substructure 186, which receives current interest and 
attention. While a number of methods have been developed for die 
syntiiesis of triquinanes, only few mediocb are known for oxa« 
triquinanes or other het^o analogues of triquinane.*^ 

The anti-oxa bridge compounds 175 and 176 exhibited two 
se^ of singlet peaks for four methyl esters and two sets of singlete 
f<» the four OMe groups, similar to ^-oxa brid^ derivtttive 174. In 
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'^C NMR, the four diagnostic carbons bearing the oxygen bridge as 
well the ester groups appeared as two sets, similar to 174 at 92.7, 
90.9 ppm for 175 and 91 .7, 90.9 ppm for 176. 

Chart 10: Substructures present in anti-oxa-bridge compound 176 



Figure 6: POV ray diagram for the cis\anti:cis fused tris-THF core 
185 of mti-oxa. bridge compound 176; gold (carbon), red (oxygen), 
cyan (hydrogen). 



2.4. DioxabicycIo[3 J.0]octane core of Ugnans: Natural liganans 
display a wide range of potent biological activities such as 
antitumour activity, platelet-activating factor (PAF) antitgonists, and 
inhibitory effects on microsomal monooxygena^ in insects.®^ The 
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diverse array of these potentially useful characteristics make them 
attractive targets for synthesis.^ The 2,6-diaryl-3,7- 
dioxabicyclo{3.3.0]octanes (Chart 12) constitute one of the largest 
groups of lignans and comprise a large group of natural products 
exhibiting biological sct^iities “ Fused bis-ethers of type A were 
found as constituents in the Chinese drug ‘sliiii-i’ and in Nigerian 
bark extracts. The presence of a bis-THF rings in naturally occurring 
lignans (Chart 12) encouraged us to successfully transform one of 
our easily accessible starting materials, the oxa diketone It to the 
corresponding oxygen-bridge compound I63t (Scheme 76). Once 
again the one pot transformation of using alkaline HjO? condition 
gave the optimal result. The tricyclic compound 163t was obtained in 
53% of yield, which posses the dioxabicyclo[3,3.0]octane core of 
naturally occurring lignans. The highly symmetric structure of 163t 
was evident from the 8 line '■'*C NMR spectrum. As seen in other 
oxa-bridged derivatives 1631-1, the compound 1631 exhibited three 
singlets (one for two methyl esters and two for OMe groups), and the 
two methine and the four methylene photons showed multiplets at 
3.96-3.93 and 3.54-3.47 ppm respectively in 'H NMR spectrum. 

Chart 12: Naturally Occuring2,6 diary!-3,7-dioxabicyclo 
[3.3.0] octane Lignans 
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Scheme 76: A novel tricycle 163t containing a cis bis-tetrahydrofiiran 
core 



1. HjOj/NaOH 
MeOH:THF{l:l) 

aq. NaOH, rt. 2 d 

2. CHjN2,El2O,0»C 

53% 



2.5. Bridged oxetane derivatives from mono substituted a- 
diketones: Further, the methodology was not restricted to only 
norbornyl a-diketones derived from cyclic dienophiles, but the 
bridged oxetane derivatives with any substituent pattern could be 
prepared. The one-pot procedure was extended to monosubstituted 
a-diketones 2a,b both of which furnished the oxa-bridged products 
163a,b (Scheme 77). The only limitation appears to be for 
compounds with steric encumbrance in the a-position {C-5), for 
example the dione 61, failed to furnish the oxa-bridged derivative. 
The reaction stopped at a-hydroxy ester stage, resulting in five 
membered carbocycle 187 with a-hydroxy ester and a-ha!o ester 
with well-defined stereochemistry (Scheme 77), The a-hydroxy ester 
intennediate 164 was also isolated and characterized in case of Ij by 
giving shorter reaction time (Scheme 66). 
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Scheme??: One pot synthesis of oxa-^dged compound 163 and 
a-hydroxy ester 18? 



aR=Ph 

bR=OEt 


a R-Wi, 69% 
bRK»El,63% 



renux,3h, b)CH2Ni,0»C,EliO-MeOH{l:l). 


2.6. Synthesis of bicyclo{3.3.0]octanes: The synthetic design of 
linearly fused polyquinanes, not surprisingly stimulated a great deal 
of contemporary interests due to their wide spread occurrence in 
nature.® The presence of diquintme skeleton as part of substructures 
found in terpenes (Chart 13) and also in unnatural products, 
prompted us to seek a direct access to these fnwn the abundantly 
available tetrahalonorbomyl derivatives, utilizing our methodology. 
The flexibility offered by the tetrahalonorbomene derivatives to 
select the desired endo substituent allows one to design the syndtesis 
of diverse molecules. As norbomyl a-diketones serve as convenient 
pmjursore for substituted cyclopentane ring via sigma bond cleavage 
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between the two carbons, fused bicycHc ring systems could be easily 
prepared by employing a cyclic dienophile in the Diels-Alder 
reaction leading to norbomyls (Chart 13). 

Chart 13: Natural products containing bicyclo [3.3.0] octtme core 



AJbane Ccdranc Chlorio!in-A 



Indeed when the chloro diketone U was subjected under 
alkaline H 2 O 2 mediated cleavage at 0 "C, the diquinane derivative 50i 
was formed in 70% of yield along with 1 1% of the tricyclic lactone 
51i (Scheme 78). At room temperature, the tricyclic lactone 511 was 
exclusively formed in 95% of yield. However, the bromo analogue 2i 
even at 0 °C furnished only the tricyclic lactone 52i in excellent yield 
(Scheme 78), The details were discussed in Chapter 1 . Similarly the 
diketone 167 was transformed to tricyclic lactone 168 at room 
temperature while the symmetrical diquinane 188 was obtained at 0 
“C (Scheme 79). 
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The carboxylate ®t>ups in A, perhaps experiences severe 
^ric congestion (as evident from models) vi^iih the adjacent 
substituents, which are in cis relation. This effect appears to be more 
pronounced in case of disubstituted derivatives (bridgehead chloro or 
bromo). Therefore the caiboxylate group displaces one of the 
bridgehead halide in an Sn 2 fashion leading to bicyciic lactone 
formation with greater ease in comparison to monosubstituted cases 
(Scheme 78). 

Scheme 7$: Preparation of diquinane derivative 501 



MeO 


1. HiO,/N»OH 
MeOH.OC^i 

2. CH,N,.Et^. O 

0«C 



liX-CI 



511 X<l 

2i X-Br 



521 X-Br 

'-t 

OC, 45 mill 

X<l 

11% 



X*Br 

9S% 


rt 

X-CI 

95% 



70% 



M«0 OMc 




Chapter 2 


113 


Scheme 79: Preparartion of a functionalized diquinane derivative 188 



1. HjOj/NaOH 
MeOH,0<C-rt 

2. CH2Nj,Et2O,0«C 


0 C, 30 min 
rt,2h 


14% 

93% 


62 % 


Having prepared the methylcyclopentadiene adduct 165, we 
studied the ruthenium tetroxide oxidation where an additional double 
bond (trisubstituted) is present in cnc/o-5-menibered ring. The 
trisubstituted double bond reacts faster and the diol 189 was isolated 
in 57% yield along with 1 1% of the compound 190, which resulted 
from the Nal 04 cleavage of diol 189 under the reaction condition. 
The product 190 is otherwise difficult to access. The diol was 
protected as acetonide derivative 191 using acetone in ambcrlyst-1 5 
in 80% yield. A highly functionalized bicycio (3.3.0) octane 
derivative, 193 was conveniently achieved via the diketone 192 u.sing 
the usual procedure (Scheme 80). 


2.7 Synthesis of a bicyclofS J.0]decane derivative; When we 
performed the cleavage reaction of a<diketone lit derived from the 
cycloheptene adduct at 0 “C to reveal the important hydroazuiene 
ring system 50k, we recorded an interesting observation. The 
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intermediate anhydride !94 was isolated in 77% yield along with 

10% of faicyclo[5.3.0]decane derivative ^k. A 10-line ”c NMR is 

indicative of the symmetrical nature of anhydride 194. The carbonyl 

group appeared at 161.6 ppm. The IR spectrum clearly showed 

anhydride stretchings at iS20and 1 760 cm '. 

Scheme 80: Synthesis of a highly functionalized bicycio {3.3.0] octane 
derivative 193 



tmbcrlyst“lS 

acetone 

molecular sieves 
, f itHux. ttM 



n tricyclic anhydride 194 was chemically 

proved by separately treating with excess (3 equiv) of NaOH in 
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MeOH at low temperature O-S ®C (till the completion of the 
anhydride as per tic). The caboxylate intermediate 195 acquired via 
opening 194 with methoxide anion furnished 12% of the lactone 51 k 
via intramolecular Sn2 displacement of bridgehead halogen. 'IIjc 
carboxylic acid from 195 upon treatment with diazomethane afforded 
the hydroazulene ring system SOk in 71% yield (Scheme 81 ). 

Scheme 81: Preparation of [5. 5.0] decane ring system SOk 



SU(X<1) 


vm 


X-CI 


0"C.30min 77% 


SOk 

10 % 


rt.Oh 

X-Br 0-C. Ih 




194 



a) I.H,Oj/N«OH.Mo(W, 2.CH,N^Etp. 0«C 

b) J.3eq.N«OH, MeOH, I h. 0 *0, 2. CHjN,. 0 
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A 10-line ’’C NMR indicates Uie ssmimetrical nature of SOk. 
The chloroeder bearing carbon ^f^ieared as a single peak at 78.5 
ppm. Hie lactone 52k wu the sole product acquired from the bromo 
diketone 2k, while carrying out die reaction at room tcmpemture for 
6 h, die chloto analogue Ik also furnished exclusively the bridged 
lactone 51k. 

3. Conclusioii 

One pot transformation of a-diketones to oxabridge 
derivatives was achieved and generalized by tran.sforming a 
variety of norbomyl a-dikctones to the conresponding strained 
oxa-bridged compounds. A novel and stereoselective strategy for 
the replacement of 1,2-dihaloalkene-bridge of tctrahalonorbomyl 
derivatives by an oxygen bridge is developed. The enda, anli, undo 
2:1 bis atMucts of tetrachloro dimetlKixy cyclopentadiene with 
cyciopentadiene and ftiran could serve as perspective building 
blocks for c^umiicls triquinanes atKl oxadiquinanes. 



Chapter 3A 

Regio- and Diastereoseiective Reduction of 
Non-enolizable a-Diketones to Acyioins 
Mediated by Indium Metal 


1. Introduction 

The acyloin (a-hydroxyketone) functional group plays an 
important role in organic synthesis, and is widespread in compounds of 
natural origin as well as in advanced intermediates enroule to several 
target molecules Conventionally, a-hydroxyketones are prepared by 
acyloin condensation reaction,*’ oxidation of enolatcs,** and reduction 
of a-diketones*’ using VClj,*’* zinc,*** Naf ISc.**' titanoccnc.*^ BIN AP- 
Ru (11) complexes,**' Ti(in),*”Til4.*** However, the problems of over- 
reduction to a diol™ or to an a-methylene ketone” that are associated 
with reduction of a-diketones makes this proerxiure less attractive. 
Thallium (111) promoted a-oxidation of ketones to a-acetoxy ketones is 
the most recent entry to the growing list.” 

In continuation of our ongoing research {xopam, we became 
interested in norbomyl-based acyloins possessing bridgdtead hait^gmis. 
It occurred to us that the corresponding a-diketones could be suitable 
precursors, provided an efficient and selective mediod couM be 
developed. We focused our attention on indium meUil as a potential 
reducing agent.” Indium-mediated reactions have gained considerable 
importance in die recent past due to dieir mild nature, ftmclioiiid group 
tolerance, high stereoselectivity, ease of handling and versiuility of the 
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reagent for a number of useful Iransformalions that could be carried out 
even in water as solvent, without a need to rigorously exclude air.’^ 
However, although indium has been widely used in synthetically useful 
caitonyl addition reactions.^* but there are limited number of reports in 
the literature on indium mediated reductions. ' 

The reducing power of indium is lower than that of other 
popular reducing agents used in organomelallic reactions like tin, 
chromium (II), aluminium and magnesium (Chart 14). However its first 
ionization potential (i.P.) is cic»e to that of alkali metals such as sodium 
or lithium and much lowta* titan zinc, magnesium or tin (Chart 14). in 
addition, unlike alkali metals, indium is not sensitive to boiling water or 
alkali and does not form oxides readily in air. Since the ionization 
potential is directly associated with the capability of the metal to release 
electrons, the indium mediated re»:tions apparently proceed by a single 
electron transfer (SET) mechanism. 

Chart 14: The reducing power and first ionization potential of some 
metals’’ 

The redacing power of In < Sn, Cr, Mg, Al, Zn 
E‘’(ln^*/ lnV-0.34v E® (Sn^V Sn") » - 1 .38 v 

e" (Mg^V Mg") = - 2.37 V E"(Zn^VZn")«- 0.76 V 

The first LP, of In (5.79 ev) < Zn (9.39 ev). Mg <7.65 ev), 

Sn (7.43CV), Al (S.98 ev), Ga, Th, 
«U(S.39),Na(5.Uv) 
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Indium metal as a reducing agent was fust rcfvirtcd h\ 
Kalyanam/*^ They established the reductive coupling of iinincs to give 
1,2-diamines by using indium metal in ethanolic aqueous ammonium 
chloride (Scheme 82). However the reaction was selective for the 
coupling of aldimines derived from aromatic aldehydes and aromatic 
amines. 

Scheme 82: Aza-Pinaco! Coupling reaction mediated by indium"^ 


A 

Ar N 


At" 


In, BiOli 

aq NH^a 
reflux 


NliPh 


.A 




NUPh 


Ar'. Ar-’ = t*h. 4Mc-Ph. 4<)Mc-Ph. 20Mc.ph, 2fI-Ph 

Since then indium metal has been used as a mild and potential 
reducing agent for a number of useful transformations.” *’ some of the 
examples are summariaaid in Chart 15 and Chan 16. The indium 
mediated reductions were extensively studied by Ranu’**” and 
Moody.””’* Ranu successfully utilimi indium metal in the 
stereoselective reductive elimination of 1.2 dibromides to tfwu- 
alkenes,”* reduction of aryl-substituted gew-dibromides to vinyl 
bromides,”” reduction of terminal alkynes to alkenes,”* and reductive 
homocoupling of aryl and alkyl iodides to the corresponding bialkyis 
and biaryls”^ (Chart IS). The indium mediated selective reduction of 
the heterocyclic rings in quinolines, quinoxatines,’** aromatic nitro 
groups, the reductive acetylation of oximes,’** were efficiently 
achieved by Moody and coworkers (Chart 16). Indium metal is also 
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effectively used for the reduction of conjugated alkcnes’’* (Chart 15), 
the pinacol coupling reactions (Chart 16),” reduction of N-oxides“ and 
azides (Chart 16).*’ In mediated reductive dehalogenation of a- 
halocarbonyl compounds,”* the reductive coupling of acyl cyanides,*' 

etc. were also reported. 

Chart 15: Indium mediated reductions'^’' ” 


Ar 





t6-100K 

i«f.?3a 
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Chart 16: Indium mediated reductions’* *" *' 



aq. KtOH ***'W’‘ 89-06% 

KHuX 


R — NH, 

In continuation of our wt^rk on indium mediated reactions,'^ 
this section presents a mild, efTicient and stereoselective route to 
acyioins by indium mediated reduction of non*enoiizable a-diki^CKnes.'* 
a-Oiketones are efficiently reduced with indium im^i in mediwioi- 
water in the presence of NH4CI, LiCl or NtCi to give legio- and 
diastereoseiectively the corresponding acyioins in to excellent 
yield. The cleavage of the acyioins under Pb(OAcyMeOH-PhH 
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condition provides a convenient and regioselective access to highly 
functionalized cyclopentane carboxaldehydes, potential building blocks 
in organic syntheses (Scheme 83).'* 

Scheme 83: Indium mediated reduction of norbomyl a-diketones'^ 




2. Results and Discussion 

The reduction of a-diketones were carried out using indium 
metal (cut into small pieces, before use) in lVfeOI);H;0 (4:1) at reflux 
temperature in the presence of either NH4CI, LiCI or NaCl (Tabies>2, 3, 
5). Both chloro and bromo derivatives underwent smooth 
transformation to die coitesponding acyioins in a regio- and 
stereoselective manner. 

2.1 Redttctton of Mono Stti»titated a-Diketones: We first examined 
the mono sulstituted derivatives l, 2 ahf. The results obtained with 
^ WfW MeOH Mid NH 4 CI are Minmutfized in Table 2. 
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Table 2. Indium mediated reduction of monosubst.tuicd ri-dikcfonc^ i«» 

acyloins* 

MeO, 



Mcfl, 


f>Mc 


rmif 


In*NM,a 


McC>H4lpC4 M 
rtflax 

^ 40400% (71 29400 0) 


o'^ito ! r .1 % 


X-CI !•-*'. « 
X»8r2*-d.f 


x-a wt-f. • x-<i ■ 

X>BfiMi-4,f X-«i. IWI»4.f 


Entry 

Substrate R 

Time 

(h) 

Yield 

(%)” 

P^uct Ratio* 
196:197 for 1 
198:199 for 2 

1 

la 

Ph 

12 

97 

100 0 

2 

!b 

OEt 

12 

100 

71:29 

3 

Ic 

CHjOAc 

4 

84 

93:7 

4 

Id 

OAc 

12 

68 

100:0 

5 

If 

SiMci 

7 

96 

81:19 

6 

If 

COjMe 

6 

76* 

65:35 

7 

lu 

CHjOMc 

9 

99 

80:20 

8 

2a 

Ph 

4 

52 

100:0 

9 

2b 

OEt 

9 

83 

81:19 

10 

2c 

CHiOAc 

12 

34 

85:15 

11 

2d 

OAc 

6 

40 

100:0 

12 

2r 

COiMe 

10 

er 

68:32 


* AH rewsticms were run using 2 eq. Indium mcMtl. hsoittnd 
yields of anaiyticalty pura tH«. *THF:HiO (4; I ) wts 
used.*For X-CI, 196:197, For X-Br, 198:199 
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The a-diones and 2*-d,f were efTiciemly reduced to 
furnish 196a-f»ii and 198a“d,f as the major, and I97b“f,u, 199b“d,f as 
the minor endo alcohols (Table 2). Although mechanistically both the 
carbonyl groups are simultaneously involved in electron transfer 
process, fonnally it appears as though the reduction of the carbonyl 
group was taking place exclusively from the exo face of the diketones 
1,2 either to the diagonal or same side of the endo substituents. The 
major alcohols, 196a-f,B and 198a-d,r were derived from the (formal) 
reduction of the diagonal cwijony! group, while the other carbonyl 
group was reduced to fiimish the minor endo alcohols 197b-f,u, 199b- 
d,f. The reaction was highly stereoselective leading to endo alcohols, 
and the regioselectivity varied from 70:30 to 100:0 for the two isomeric 
alcohols in high yield (Table 2). The product distribution of alcohols 
196,198 and 197,199 was determined by 'H NMR integration at 400 
MHz of the crude reaction mixture before column purification (in most 
of the cases); and in some cas<» a short silica gel column filtration was 
conducted. 

The diketones la and 2a having endo phenyl substituent 
furnished essentially a single regioisomer 196a and I98a respectively 
(entries 1 and 8, Table 1). TTie yields were generally high in aqueous 
MeOH except in case of sub^tes 1,2 d {endo OAc derivatives), 2c 
endo CHjOAg dwivatives (entries 4, 10 tmd 11, Table 2). We studied 
die reactions under dtffbrtmt solvent systems and using different 
^ditives (Table 3, comparison between «:]ueous MeOH and THP is 
particularly interesting). 
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Table 3: Comparison of yield and rcgiosclccl«% (l> m ddlcrmt w.Krnt 
systems. 







1 X<1 

2 X«Br 


Milvcnl 


1% S <l 

m x-H# 


ir 1 

Iff \-iii 


Entry Substrate ' Solv^: I ijo Additive fimi YicM Pmdi^ 




(4:1) 


(h) 

(%f 

RMio 

1 



»«. - 

14 

% 

iddo 

2 


MeOH-HjO 

NUiCI 

12 

97 

1000 

3 

la 


Na( 1 

12 

95 

1000 

4 


MeOH-10%HCI 


1.1 

95 

100 0 

5 


MeOH 


40 

No rcaclion 

6 

lb 

THF 

NHifl 

21 

No reactkNi 

7 

k 

MeOII-HjO 

Nllid 

4 

84 

93:7 

8 


THF-H,() 


15 

96 

64:36 

9 

Id 

MeOH-HjO 

NH«CI 

12 

68 

lOOtO 

10 


THF-HjO 

LiCI 

16 

90 

70:30 

II 


MeOH-H,0 

Mcr 

6 

~30% crude 

12 

If 

THF*H,0 

NH 4 CI 

It 

96- 

51:49 

13 


THF-HjO 

NH 4 CI 

6 

76 

65:35 

14 

2a 

MeOH-HjO 

NH 4 C! 

4 

52 

100:0 

15 


THF-H 2 O 

NH 4 CI 

16 

91 

100:0 

16 

2c 

MeOH-HiO 

NH 4 CI 

12 

34 

85:15 

17 


THF-H 2 O 

NH 4 CI 

5 

68 

85:15 

18 

2d 

MeOH-HiO 

NH 4 CI 

6 

40 

100:0 

19 


THF-HjO 

LiCI 

6 

85 

80:20 


^ All reactions were run using 2 eq. Indium metal. *' isolated ytelds of 
analytically pure b+c ‘ MCI (MH 4 CI or LiCI). Slow addition of the 
substrate to the reagent. *For I XCI. mtI97, For 1 X-Br. IfttW 
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The reactions performed in Me0H-H20 (4:1) proceed faster 
than THF-HjO (4:1 ). The reaction was sluggish with anhydrous THF or 
MeOH (entries 5, 6). The presence of an additive MCI (NH4CI, LiCI or 
NaCI) was not essential for the reaction (entry 1, 1 1), but it was found 
to accelerate tiie rate of th$ reaction. The reaction was also performed 
with MeOH and 10% HCI for the subsUate la (entry 4, Table 3) to give 
the desired product 196a in high yield. 

By changing the solvent system to THF-H^O (4: 1 ), the yields 
were considerably improved in cases where aqueous MeOH gave poor 
results (entries 7-19). However, for the substrates Ic, Id and 2d, the use 
of aqueous THF enhanced the yield of the reaction; albeit at the 
expense of diminished regioselectivity (compare entries 7-8, 9-10, 18- 
19). In case of endo OAc derivative Id, only one regioisomer (from 
crude 'H NMR of the product) was formed in 68% of yield using 
MeOH as solvent (entry 9), while performing the reaction in aq. THF 
afford a 70:30 mixture of acyloins I96a and 197a in 90% of yield 
(entry 10). 

, In aqueous methanolic medium die products could not be 
isolated from ^bstrate If (a tong sineak on TLC and very poor yield of 
the crude product ~30%, onfry 11), while the reaction underwent 
smootfily in THF-H^O showing modwate regio^lectivity (entry 1 3), 
and a n^r quantitative yield was obtained by slow addition of the 
subs^ErSte' biit the re^oselectivity dropp«l to 1.04:1 («itiy 12). 
Therefore aqueous THF was preferred with other ester substrates 2f, 
l«a, 57 Mid 205. The solvent system 4:1 THF-HjO gave satisfactory 
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results in case of ester derivatives If, 2f and Im; which reacted 
sluggishly in aqueous methanolic medium. The two solvent systems 
appear to play an important role with respect to the yield and 
regioselectivity of the products. In MeOH-H^O, the regioselectivlty is 
high compared to aqueous THF, but for sensitive substrates the later 
gives better result in terms of yield. This suggests the product 
distribution of two acyloins 196, 198 and 197, 199 is probably due to 
the protonation of the common acyioinate intermediate. 

The derivatives 57 and 61 follow the same trend as the 
monosubstituted cases (Scheme 84) demonstrating that an additional 
exo substituent placed either on the vicinal carbon or on the same 
carbon that bears the endo substituent has no influence on the regio- 
and diastereoselectivity (compare entries 1 and 6, Table 1 }. 

Scheme 84: Indium mediated reduction of dikciimes having aru substituents 



Substrate R' 

S7 COjMe II 

61 Pb Me 


R' Produ^ Time 

Me 2Mb,c 71 , 

lOb 

H mb 9b 



Ratio 

75 

67:33 

87* 

54 46 

m 

100:0 


THF-HjO (4: 1 ) is used at solvent with LCI. 
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The structural assignments in case of the products derived from 
the mono substituted derivatives were made from their 'H and '^C 
NMR spectra. It is knovm that in bicj^lo [2.2.1] systems the presence 
of an endo oxygen substituent at Cj has a remarkable deshielding effect 
on the endo-H(,. The exo-Hf, also experiences a shielding effect. 

The comparison of 'H NMR (400 MHz) values of exo and 
endo-Hi of acyloins widi diose of the parent a-diketone unambiguously 
confirms the stereochemical assignments (Table 4). In compounds 1% 
and 198 the encto-Hj clearly showwl consistent deshielding effect 
ranging from 0.2 to 0.5 ppm while the exo-H« is shielded by 0.2 to 0.4 
ppm (Table 4). No such effect was observed with minor alcohols 197 
and 199 (Table 4). The spin decoupling experiment was carried out to 
unambiguously assi^ the endb-Hj and protons and to find out 
the W-couplings in some of the cases (see experimental section). 

Table 4; Comparison of 400 MHZ ‘H NMR chemical shift values in 
ppm for Ht, and He In mon(»ubstituted dik^ones and the 
corresponding acyloins 




la-f,# (X-Cl) 197W.ii 

2a-d,r(X-Br) 199a-il,r 



f luil’tcr ? t 
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Diketone” 

H. 



ac>Injfi 

n. 

n., 

H, 

I *7 1 

la 

lb 

^2.48 

2.13 

i07 

2.98 

i9i 

4.28 

I96a 

196b 

197b 

'y C|2 

248 

1.96 

2.6 I 

263 

2,77 

y , /4 

4 13 

1 39 

Ic 

2.18 

2.75 

3.02 

I96c 

2.46 

2 40 

2 88- 
2 81 





i97c 

1.84 

2 61 

3 04- 








2 96 

Id 

2.06 

3.14 

5.48 

196«i 

2.48 

2.76 

5,35 




I97d 

1,89 

2.97 

5.54 

le 

1.90 

2.19 

2.67 

196c 

1.96 

2.25 

2.38 




I97e 

1.75 

2.03 

2.47 

If 

2.37 

2.83 

3.61- 

196f 

2.55 

2 64 

3 41 



3.68 

I97f 

2.56 

2 48 

3 49 

lu 

2.32 

2,62 

2.83 

I96u 

2.43- 

3.36 

2 69 




I97u 

206 

2 46 

2 88 

2a 

2.53 

3.13 

3,96 

198a 

298 

2 76 

3 78 

2b 

2.18 

2.99 

4,31 

198b 

2.54 

2 70 

4 17 




1 99b 

201 

2 80 

4 44- 








4 41 

2c 

2.16 

2,73 

2.98 

i98c 

2.54 

248 

2 88 




!99c 

1.90 

2 66 

3 07. 








299 

2d 

2.12 

.3.18 

5.51 

I98d 

2.54 

2 86- 

5 38 






2 80 






I99il 

1.95 

3 01 

5.56 

2f 

2.40 

2.89 

3.64 

I98f 

2.70 

2 62 

3 47 





I99r 

2.59- 

2 56 

3 56 

57 

2.41 

1.47* 

3.27 

200b 

2,90 

1 39* 

3 08 





200c 

2,52 

1.32* 

3 20 

61 

2.80 

3.08 

1.80* 

20tb 

3.48 

2 53 

1.69* 


* ppm values of {exo Me) is give n 
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Figure 7a: 'H NMR {400 MHz) spectrum of diketone Ib 



Figure 7c; ‘H NMR (4(K) MHz) spectnim of minor acyloin I97b 
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Figure 7a-c presents the 400 MHz 'H NMR spectra of the 
parent diketone lb and the major and minor a-hydroxy carbonyl 
compounds 196b, and 197b; which clearly shows the deshielding of Ha, 
shielding of Hb in case of 196b. The shielding and deshielding effects of 
the protons attached to C(5) and C(6) carbon of major and minor 
acyloins (the basis products were assigned) are summarized in Figure 8. 
Further proof for both isomers 196, 198 and 197,199 came from the W- 
Coupling between the carbinol exo-H 2 and the exo-Hg (0.7-2.4 Hz). In 
'^C NMR spectrum, Cg is consistently shielded by 3-4 ppm due to the 
presence of endo-OW at Ca. 

Figure 8: The 'H NMR assignments for regioisomeric acyloins 


J=0.7-2.4 Hz 



e/^/o-Ha^^deshielding effect: 0.2-0.S ppm 
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2.2 Reduction of disubstltuted a-dlk«ton«*: In case of disubstiiuted 
derivatives lij and II indium mediated reduction proceeds 
stereoselectively to furnish the endo alcohols 202y and 2021 in near 
quantitative yield (Scheme 85). In each case the characteristic W- 
coupling between Ihe cadbinol exo-Hj and the cxo-Hs was observed. 
Scheme 85; Indium medisued ledudion of disubstituted a*diketones 



R Time (h) 

H -(CH2»- 8 

7i 

Ij -(CH2H- 5 

n KCH2)6- 7 

aNsK^l w«s used in piece of NH4C1 

When indium reduction of the diketone 2j was carried out, the 
acyloin 203 was formed in 72% of yield along with the minor product 
204 in 13% of yield (Scheme 86). "nje product 204 was formed via over 
reduction of 2J, the bromine alfrfia to the carbonyl was reduced. The 
alcohol 204 was charactaris^d based upon the coupling shown by the 
bridgehead proton wiOi the m>“H$ and W-coupling between the 
csurbinol exo>H 2 and the (as indicated in the structure of 204). 
Further structural proof comes from ttte vicinal coupling constant. J ■ 
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5.7 Hz between the bridgehead hydrogen and exo-Ws- The characteristic 
signals for bromine bearing bridgehead and carbinol carbon at 67.2, 
83.2 ppm respectively, for 204 in '^C NMR spectrum unambiguously 
confirmed the structural assignment. 

Scheme 86: Indium mediated reduction of disubstituted a-diketone 2j 

In, MCI 

THF-H3,0(4:1) H 
NH 4 CI, reflux 
6h 

203 (72%) 


1,7 

The resulting initial endo alcohols, obtained from indium 
reduction of diester derivatives Im and 205 cyclized to furnish the 
corresponding lactones 206 and 207. The formation of lactones, provide 
an additional proof for the observed exclusive endo diastereoselection. 
The 'H NMR spectrum of lactones 206 and 207 reveal three singlets for 
OMe and '^C NMR show the carbonyl groups at 198.7 and 188.8 ppm, 
the lactone carbonyls at 1 75.0 and 171.5 ppm, and the ester carbonyls at 
169.5-166.9 ppm for 206 and 207 (Scheme 87). 
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SchcMC 87: indium mediated reduction of dieMer derivatives 



Furrier, the metfiod was successfully employed for the smootb 


reaction of benzil 208 to benzoin 209 in high yield (eq. 8). The 
reduction of camphotquinone 210 also proceeded efficiently in 
quantitative yield in MeOH-HjO giving rise to !:l mixture of 
regioisomers 211 and 212 (eq. 9). The structural assignments in this 
case were based on the literature report.” 



ln.NH,CI 

Me0H.H,0(4:l) 

icflux, IS h 
9<m 



m on 
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2.3 Cleavage of Acyloins: After successfully developing the 
methodology for the regioselective reduction of diketones, it occurred 
to us that the cleavage of acyloin, particularly for monosubstituted 
norbomyl derivatives, could be highly fruitful in achieving 
stereoselective transformation and may lead to derivatives that are not 
easily accessible otherwise.'^ 

Scheme 88: Cleavage of acyloin 196a by lead tetracetate 



In, NH 4 CI 

MeOH-HjO(4:l) 

reflux 


I cq. DIBAL-H 
CHjCl^ 

(50a:213a:214=1.5:1.3:I) 



196a 213a 214 


For example, the attempted selective reduction of 50a, obtained 
by basic H 2 O 2 cleavage' of diketone la (discussed in Chapter- 1 A), 
using 1 equivalent of DIBAL-H at -78 °C furnished a mixture (Scheme 
88). The starting bis(a-chloro ester) cyclopentane derivative 50a, five 
membered aldehyde 213a and the bicyclic lactone 214 (obtained via 
reduction of the resulting aldehyde 213a) were formed in a ratio of 
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1.5 : 1.3 : 1 (Scheme 88), thus disqualifying this as a useful route to 
aldehyde 2!3«. The ratio of the products SOm, 213a and 214 iwere 
determined by 'H NMR integration at 400 MHz of the unpurifkd 
reaction mixture prior to column purification. 

On the other hand, die treatment of acyioin 196a, obtained via 
indium reduction of la, furnished the aldehyde 2i3a in good yield upon 
treatment \vith Pb(OAc)4 in MeOH-PhH (3:1), thus constituting ag 
efficient and stereoselective route to highly functionalart - 
cyclopentane caiboxaidehydes (Scheme 88). The procedure vni 


efficiently extended to other derivatives 196b. I96<i. 196e and 198b to 
obtain the corresponding c^bpentane carboxaldehydes in good yidd 

(Scheme 89). 



Scheme 89: Lead tetraacetate Cleavage of Acyloins'* 

McO OMe 


J>Mc 
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- - n ■: 
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4^li 
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2II«7I% 


6h 
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we vi^nl»l to m^e use of this ^ralegy in an ongoing projedt 
tafdi -tlir Syhiiesis of fmh^liydrindane derivative present In 
'** ftiW^iiS^oide**^ Iholeeutes.^ The methodology 
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was efficiently used to selectively incorporate the angular aldehyde 
group in the fra/w-hydrindane derivative 219 (Scheme 90). This is in 
order to circumvent the difficulty encountered when the diketdne 
derived from 216 was directly cleaved to give the diester,^® where there 
is no possibility for selective transformation as both groups were same. . 

Scheme 90: Synthesis of a trans-hydrindane derivative 



216 


1) ACjO,Py,CHjClj 

2) CatRuCl33HjO 

NaI04, 0.5-1 h 
MeCN-HjO(6:l) 
84% 




218 219 


The alcohol 216 (prepared earlier in our laboratoiy), was 
protected as acetate by using acetic anhydride and pyridine in 
dichloromethane (Scheme 90). The crude product (without column 
purification) was subjected to RUO 4 oxidation to furnish the diketone 
217 in 84% yield. The indium reduction of the diketone 217 followed 
by LTA cleavage of the resulting acyloin 218 famished the tans- 
hydrindane derivative 219. A detailed assignment of 'H and '^C NMR 
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values for 218 and 219 is (patented in the experimental section (Page 
no. 274). 

A direct alkaline cleavage of ally! bromide as dienophik^ 
delved diketone Ig gave the y-lacKMte derivative I22« having a. 
haloes^er substituent (discussed in Chapter 1C, page no. 64). While 
distingui^ing the two reducible moiety of the lactone derivative 122a 
was not po^ible, but if the reaction was cairied out after indium ‘ 
mediated reduction of Ig, limd to a compound 21Sg, having groups ' 
distinctively different in readtivity towards hydride based reduciag 
a^nts providing a handle fcH- selective hansfomimion (Scheme 91). 

Schme 91: Preparation of a iunettonaluad Y*iactone 


WCfNifllliit 
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When the diketone having endo bromo methyl substituted 
derivative Ig was subjected to indium mediated reduction, three 
products 196g, 197g and 139 were isolated (Scheme 91). The reduction 
was taking place first followed by the intramolecular displacement 
leading to the diol 196g as the major product in 59% yield, where the 
carbonyl group diagonal to the endo substituent was (formally) 
reduced. The minor product 197g was isolated in 8% yield. However, a 
competing reaction of intramolecular nucleophilic displacement of 
bromine was observed under the reaction condition leading to the 
formation of trimethoxy oxa-tricyclo ketone, 139 (the formation of 
which by different routes was detailed in Chapter 1C). The diol was 
characterized from 400 MHz 'H NMR spectral data based on W- 
coupling (J = 2.4 Hz) shown by carbinol hydrogen at C2 with the exo 
proton as indicated on 196g (Scheme 91). Further, chemical proof for 
the structure 196g came from the deprotection of the acetate group of 
mixture of acyloins 196c: 197c (93:7) obtained from the indium 
reduction of Ic. The mixture of acyloins 196c:197c was treated with 
K2CO3 in MeOH to furnish the diol 196g in 90% yield (Scheme 92). 
Scheme 92 



(from I96c:197c. 93:7 reaction mixture) 



i 40 Rtgifh md Ikmifrtmeitchvt H^^ducfum nf Mm-moh:ahif ndhketnmn 


The lead tetracetaie cleavage of the diol I96g in 3:1 McOH- 
PhH furnished the y-lactone fused cyclopentanoid derivative 2l3g in 
high yield. The product !97g and 139 were obtained as a colorless solid 
and an inseparable mixture in a ratio of 60:40, recorded from the 'H 
NMR spectrum (Scheme 90). However, the two compounds vvete 
isolate in pure form via two different independent reactions, the 
formation of 197g is discussed below (eq. 10). 

In an attem{^ indium metal mediated reduction of Ig in the 
presence of iodine in anhydrous MeOH under reflux condition, two 
products 220 and 197g were acquired in high yield («|. 10). Bk^h die 
compounds 197g and 220 idiow characteristic W-coupling of 2.0 Hz in 
'H NMR spectrum. The indium reduction and subsequently dw 
intramolecular displacement was taking place leading to major alcohol 
220 and minor oxa tricycle I97g, 



diketone Ig was fiirthw iwoved 1^ separately treating the a-keto 
hemi»5etal 12te widi H»}ium k aquemis MeOH under reflux condition 

v h. The rekstioft hiiis wife die recovery of the starting material 
($ch«rtte92). 
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Having achieved the functionalized cyclopentane 
carboxaldehydes 213 and 215 we performed various reactions, which 
are presented in Schemes 93 and 94. The bicyclic lactones [3. 2.1] 214, 
221 and lactam 222 were conveniently prepared. The sodium 
borohydride reduction of the aldehydes 213a and 213b furnished the 
bicyclic [3.2.1] lactones 214 and 221 in excellent yields by cyclization 
of the resulting alcohol (Scheme 93). A one-pot synthesis of bicyclic 
amidb 222 was also easily achieved. The aldehyde 213b was condensed 
with allyl amine and the resulting imine was reduced with NaBH 4 in the 
same pot to provide bicyclic [3.2.1] lactams 222 in 64% of yield 
(Scheme 93). 

Scheme 93: Synthesis of bicyclic [3.2.1] lactones and lactams 



214 R= Ph, 90% 
221R=OEt,95% 



213a R= Ph 
213b R=OEt 


1 . 

PhH, 4 A® mol sieves 

2. NaBH^, MeOH, 0 C 
R“OEt 



OEt 


222 64% 


Indium promoted allylation” was conducted with the aldehydes 
213ayb and 215b (Scheme 94). While sodium borohydride reduction of 
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these aldehydes exclusively furnish the lactones 214 and 221; 
interestingly, allylindation proceeds with high diastereoselection, but 
reversal in selectivity was observed by switching ethoxy derivatives 
213b, 215b to phenyl derivative 213a. When the ethoxy substituted 
aldehydes 213b, 215b were subjected to Barbier type allylation with 
indium metal, allyl bromide in DMF at room temperature, the major 
diastereomer formed from 213b, 215b lactonized to give near 
quantitative yields of a single regioisomer 223b and 225b respectively. 
On the other hand there is significant alteration in selectivity with 
phenyl substituted derivative 213a, leading to 82:18 mixture of 
diastereomers, 224a as the major product and the lactone 223a was the 
minor product. The product distribution in each case was determined 
from 400 MHz 'H NMR of the unpurified reaction prior to column 
purification. In ''^C NMR, the carbinol carbon for alcohol 224a 
appeared at 85.8 ppm, for the lactone 223a, Co experienced downfield 
shift, appearing at 89.2 ppm. Three singlets for OMe were seen in 'H 
NMR spectrum for the cyclopentane derivative 224a. Clear cross peaks 
between OMe and allylic CH 2 in 500 MHz 'H/’H NOESY spectrum 
confirms the relative stereochemistry in lactones 223a and 223b. The 
NOE correlations from 'H/'H NOESY spectrum of 223a,b are shown in 
Figure 9. The 'H/'H NOESY spectrum of 223a,b is presented in Figure 
10, 11. The connectivity is indicated on the spectrum. The connectivity 
was further established unambiguously using HMBC, HMQC, and 
HETCOR. 
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Scheme 94: Allyl indium addition to cyclopentane carboxaldehydes 



In,DMF 
It, 10 h, 89% 
u X=CI,R=Ph 



Figure 9: NOESY correlations of 223a,b 



223a 


223b 
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Figure 10: 500 MHz 'H/'H NOESY spectrum of 223a in CDCl., 


solution. 



Figure 11:500 MHz 'H/'H NOESY spectrum of 223b in CDClj 
solution 
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The stereochemical outcome of allylindium addition to a and 
P-oxy substituted aldehydes were extensively investigated by 
Paquette.*^ The aldehydes 213 and 215 possess a y-alkoxy substituent 
and is capable of chelating with the allylindium reagent for the 
observed selectivity leading to syn alcohol which lactonizes, as shown 
in A. 



Conclusion 

In summary, we have described a novel, efficient and regio- as 
well as diastereoselective conversion of non-enolizable bicyclic a- 
diketones into synthetically useful acyloins mediated by indium metal, 
tolerable to a variety of sensitive substituents such as acetate, ester and 
bridgehead halogens. Further the methodology is extended to the 
synthesis of highly functionalized cyclopentane carboxaldehydes, 
potential building blocks in organic syntheses via cleavage of the 
acyloins under Pb(OAc)4/MeOH-PhH conditions. The allylindium 
addition to carboxaldehydes were found highly diastereoselective, the 
selectivity was altered from ethoxy derivative to phenyl derivative. 



Chapter 3B 

Diastereoselection during allylindium addition 
to norbomyl a-diketones 

1. Introduction 

Indium mediated Barbier-type reaction to form carbon-carbon 
bond has emerged as one of the exciting areas in organic synth^is.^^ 
Since its discovery by Butsugan,*® the allylindium addition to carbonyl 
compounds has found wide-ranging current interest, and generally 
proceeds with high levels of chemo-, regio- and stereoselectivity.’^ 
These coupling reactions were performed at ambient temperature in 
organic or even aqueous solvents, which obviates the need of “dry 
reaction condition” to furnish the homoallylic alcohols in high yield 
operated by a single electron transfer mechanism. The sensitivity of the 
organometallic reagents such as Grignard,*’ organolithium,*** 
alkyltitanium,*®'’ and allylchromium reagents,*®* to moisture requires 
their addition reactions to be performed in anhydrous organic solvents. 
Therefore in comparison with other metals, the unique properties 
associated with indium metal, particularly, the insensitivity towards air 
or moisture, proved it to be a significant, and advantageous approach 
for C-C bond forming reactions. The allylindium reagents are 
compatible with protic solvents and can be easily generated in vrater 
and combinations of water and miscible organic solvmbs. The t^er 
attractive features include the mild nature of the allylindium reagent, 
which shows no dimeric hydrocarbons as by products fh>m bromides; 
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and show chelation controlled high stereoselectivities even in aqueous 
medium. Diastereoselectivity In allyiation reactions has been a topic of 
continuous discussion.*’ 

Butsugan and coworkers first demonstrated the allyl and 
substituted ally! reagents (crotyl, methallyl, cinnamyl, etc.), add to 
aldehydes to give the homioallylic alcohols in high yield.“ Li and Chan 
subsequently reported the feasibility of allylindium addition in water 
with aldehydes and ketones (eq. 1 1).’^” Indium mediated allylations 
with substittited allyl bromides are highly y-selective.” A single 
electron transfer mechanism was suggested for these coupling 
reactions. The diastereosela:tion of these additions was dependent on 
the substituents on the allyl indium reagent as well on the substrate and 
was extensively studied by Paquette and coworkers.**’’^ 

0 f 

III 

R 

We for the first time studied highly diastereoselective addition 
of cyclohex-2-enyl and cyclooct-2-enyl indium to a variety of aromatic 
aldehydes.** The indium-mediated allyiation addition of 3-bromo 
cyclohexene and 3-bromocyclooctenes to a variety of aromatic 
aldehydes and cyclohexanone proceeds smoothly with excellent syn 
diastereoselectivity to produce the corresponding cycloalkenyl 
substituted homoaltylic alcohols in good to high yield (eq. 12). 

However, although recently Indium has been extensively used 
in carbonyl addition reactions, the chemistry of 1 ,2-diketones towards 
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this reagent remains unexplored. When we started our study on 
allylindium addition to a-diketones, there were no reports on indium- 
mediated allylation to 1 ,2-diones, however there are thrw reports which 
appeared very recently and are summarized below. 



226 with indium in the synthesis of a-allyl p-lactams 227 (Scheme 
95).” The reaction proceeds with high yield leading to exclusive 
formation of a single diastereomer {anti, 227), in which Zn often 
provides a 1:1 mixture of diastereomers, 227 and 228. Paquette’s group 
also extensively studied the related reaction.*” 

Scheme 95: Allylation reaction with a2etidin-2,3-di<mes 



In, Hp-THF 100:0 

Zn,NH,Cl,THF 50;50 

Indium mediated allylation and cinmamylation of 1,2-diketofles 
229 in the presence of Nal was reported by Nair et al. leading to the a- 
carbonyl homoallylic alcohols 230 in high yield (Scheme 96).” The 
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cinnamyUndium addition often furnished a mixture of a and y. 
regioisomers depending on substituents. 

Schenw 96 


■V 

22^ O 


O 




Bt 


In, DMF 

it,Nal, 2-10 mifi 
05-97% 



HO 


230 


R»Me, Ph,ctc. 

While exclusively mono allylation products were obtained by 
giving less reaction time (few minutes) and using 1 .05 mmol of Indium 
powder in DMF (Scheme 96), more recently Paquette reported 
allylindation at both the adjacent carbonyls by using excess powdered 
Indium metal in aqueous THF (Scheme 97). 

Scheme 97 





In^THF-HjO 
87%, (dr 3:2) 


HO^ Me 



RttCIjPCyjCCHjPh) 


CHjai.50«C 


71% 



Pb(OAc)4 

CHjCIa 

(60%ftt)m232) 
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The diallylated products 232 of biacetyl 23J was further used 
for the synthesis of saturated and unsaturated 1,6-diketones 234 and 
235 via ring closing metathesis and cleavage of the resulting diol 233 
(Scheme 97). However, the allylindation of camphorquionone 236 was 
taking place from the endo face leading to the exclusive formation of 
the monoallylation product, the exo alcohol 237 (eq. 13). 



Although there are two recent reports by Nair and Paquette, 
which appeared after we started our study, our objective was to study 
the allylindium addition to dihalonorbomy! 1,2-diketoncs in the 
presence of chelating and non-chelating endo substituents. We observed 
high level of regio- and diastereoselection, and a heteroatom, c.g., 
oxygen atom directly attached to norbomene skeleton induces reversal 
in selectivities (Scheme 98). 

Scheme 98: Allyindium addition to dihalonorbomy! or-dik^ones 
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2. Resuils and Discussion ^ 

The encouraging result of indium mediated efficient reduction 
of norbomyl a-dikctones (Chapter-3A), with high regio and 
diastereoseiectivity, driven us to study the allylindium addition to die 
diketones in the presence of chelating and non-chelating endo 
substituents. The reaction procedure was simple. The diketones were 
subject^ to 2 equivalent of Indium metal and allylbromide in DMF at 
room temperature to himish the corresponding a-keto homoallylic 
alcohols in excellent yields, arising from aiiyiation of one of the 
carbonyl groups (Table 5 and 7). 

2.1 Monr^utotituted a-diketoness TTie reaction was particularly found 
to be interesting for monosubstituted diketones la-f, 2a,b,d,f leading 
to the corresponding two diastereomeric aiiyiation products 238,239 for 
chloro derivatives; and 240,241 for brwno derivatives. The results are ' 
summarized in Table 5. The yields and diastereoselectivities were 
found to be consistently hi^. The reactions were highly regioselective. 

In all cases, the ally! group is transferred to the less congr^ted cubonyl 
group diagonal to die emio sub^ii^nt. The diastereoselectivities of the 
reactions were found to be g^tiy dependent on endo substituents 
(Table 5). While ailylindium ;^dition is taking place exclusively from I 
endo in case of campfaorquinone (eq.l3X interestingly die exo 
addition is Oivored in. (rase of la, 2a, Ic and le leading to the 
corresponding mdo ahrahols 238,240 as the major product (entries 



Chapter 31} 


J53 


1,2, 5,8 Table 5). The exo alcohols 239,241 were formed as the minor 
products. 

In contrast to la, 2a, Ic and le, a significant reversal of product 
stereoselectivity was observed when allylindium addition wa.s 
performed with endo ethoxy lb,2b and endo acetoxy ld,2d derivatives. 
The product distribution in lb,2b and ld,2d was now in favor of exa 
isomer, the crossover suggesting that chelate control may be operating 
(entries 3,4 and 6,7; Table 5). Further, the heteroatom directly attached 
to the norbomyl derivative induces the opposite selectivity as evidenced 
from the results obtained by switching from endo CHjOAc substituent 
(entry 5, Table 5) to endo OAc derivative (entry 6,7; Table 5). The 
diketone having endo CH 2 OAC substituent Ic furni.shed 77:23 ratio of 
endo'.exo alcohols (23$a:239a); while the chloro endo OAc derivative 
Id gave an exact reversal in selectivity, i.c, 23:77 mixture of carbinols 
238a,239a. Similar reversal in selectivity in favor of m; alcohol was 
observed for lb,2b and 2d. The diastereomeric ratios varied from 91 :9 
to 14:86 of endo'.exo alcohols. The allylations involving emfo methyl 
ester derivatives l,2f was not selective giving diastereomeric ratios of 
corresponding acyloins 238f,239f and 240f,241f nearly equal to 50:50. 
The diastereomeric ratios, in ail cases were determined by 'H NMR 
integration at 400 MHz of 238,239 and 240,24! mixtures prior to dicif 
chromatograj^ic separation. 
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Table 5. Indium mediatwi allylation of monosubstituted a-Diketonesto 
acyloins* 



Entry Substrate 

R 

Time 

(b) 

Yield 

i%t 

Product Ratio* 

(endo'.exo) ‘ 

1 

la, XCl 

Ph 

4 

94 

82:18 

2 

2a, X=Br 

Ph 

6 

93 

89:11 

3 

lb, X-Cl 

OEt 

3.5 

93 

14:86 

4 

2b,X*Br 

OEt 

5 

94 

18:82 

5 

Ic, X-Cl 

CHjOAc 

1.5 

71 

77:23 

6 

ld,X«Cl 

OAc 

5 

92 

23:77 

7 

2d, X*Br 

OAc 

5 

91 

25:75 

8 

le,X=CI 

SiMea 

5 

91 

91:9 

9 

i*;x=ci 

C02Me 

6 

92 

43:57 

10 

2f,X*Br 

COjMe 

5 

94 

45:55 


" All reactions were p^ormed using 2 eq. indium metal by 
vigorously stirring wtlb allylbromide in DMF; ^Isolated yields 
of analytically pure alcc^Is; “Tlie prod«K:it distributions in all 
cases were determined by ’H NMR integration at 400 MHz of 
tiieumimrified piodu(^ mbctures. 

*For XCK 238:239, For X«Br. 240;241 
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Table 6: Comparison of 'H NMR chemical shift values of ih •« 
monosubstituted diketones and the corresponding acyloms. (h-valucs 
ppm at 400 MHz (CDCIj solution) 



la 

2.48 

3.07 

238a 

3.13 

2.76 




239a 

2.46 

3.20 

2a 

2.53 

3.13 

240a 

3.22 

2.89 




241a 

2.46 

3.30 

lb 

2.13 

2.98 

238b 

2.64 

2.77 




239b 

2.26 

2.98 

2b 

2.18 

2.99 

240b 

2.78 

2.98-2.79 




241b 

2.38 

2.90 

Ic 

2.18 

2.75 

238c 

2.60 

2.51 




239c 

2.25 

2.67 

Id 

2.06 

3.14 

238d 

2.74 

2.84 




239d 

2.20 

2.98 

2d 

2.12 

3.18 

240d 

2.65 

2.83 




241d 

2.30 

3.09 

le 

1.90 

2.19 

238e 

1.91 

2.35 




239e 


2.06-2.00 
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An unequivocal confirmation to the stereochemistry of the 
endo alcohols 238 and 240, was available from the 'H NMR spectral 
analysis. The effect of endo-OU at Cj on the endo-H(, was quite 
revealing (Table 6). Our own findings on indium-mediated reduction of 
a-diketone demonstrated that the presence of an c«<3to-oxygen 
substituent at C 2 has a remarkable deshielding effect on the endo-H^. 
The exo-Hi also experiences a shielding effect. The comparison of 'h 
NMR (400 MHz) values of exo and endo-Hi of acyloins 238-240 with 
those of the parent a-diketones 1,2 confirms the stereochemical 
assignments. In compounds 238 and 240, the endo-Hi clearly showed 
significant deshielding effect ranging from 0.5 to 0.7 ppm while the 
exo-Hi is shielded consistently by 0.21 to 0.31 ppm. The deshielding 
effect of endo-Hi was more pronounced in a-keto homoallylic alcohols 

238.240 than the corresponding acyloins 196,198 (Chapter 3A) 
resulting from the indium-mediated reduction (the range was 0.2 to 0.5 
ppm). This effect was found more pronounced in case of chloro 
derivatives (entry 1 and 5). Figure 12a-c presents the 400 MHz 'H 
NMR spectra of la, 238a, and 239a. A minimal deviation was observed 
for their counterparts in the exo series 239,241 (Table 6), i.e.; the 
deshielding of H* and shielding of Hb from 0.07-0.2 ppm. The 
distinction applies to allylic CH 2 protons as well, each of which are 
clearly visible as doublet of !4ABq (in most cases) in the downfield (8 
2.99-2.67 ppm) for endo alcohols 238,240, than their exo counterparts 

239.240 (5 2.39-2.74 ppm). 
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iT-aure 12- Comparison of 'H spectrum (400 MHz) showing the 
deviation of Ha, Hb values of major 238a and minor 239a isomer with 
that of parent diketone la. 
a) a-diketone la 
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In case of phenyl derivatives 239a and 241a, the allyiic protons 
shielded more strongly, appearing as a multiplet at 5 2.06-2.20 ppm. 
The spin decoupling experiment was carried out to unambiguously 
assign the allyiic protons, Ha and Hb (see experimental section). The 
irradiation of He resulted the disappearance of its coupling with allyiic 
CHj protons. The vinylic proton He of 238^40, also experienced a little 
deshielding effect (~0.10-0.19 ppm) than 239,241. In '"’C NMR, the 
allyiic carbon for endo alcohols 238,240 appeared at 39.6-42.1 ppm, 
while for their exo counterparts 239,241; tfie allyiic carbon showed 
upfield at 36.2-37.0 ppm. 

Further structural proof for the formation of endo isomers came 
from the 2D NMR spectrum (COSY, NOESY, HMBC, HMQC) of the 
carbinol 242 obtained from the bridgehead reduction of endo phenyl 
derivative 240a (eq. 14). The bridgehead reduction of 240a using 
TBTH in benzene was purposely carried out to see further couplings of 
bridgehead hydrogen. The 'H NMR spectrum shows a diagnostic W- 
coupling of 1 .9 Hz between H 4 and Hb. The 'H/'H NOESY spectrum of 
242 is presented in Figure 13. The NOE correlations from 'H/'H 
NOESY spectrum of 242 were shown in Figure 14, which confirmed 
the structure of endo alcohol. 





Figure 14; NOESY correlations of the carbinol 242 



NOE’s: 2a/3 (cw), 4/3 (cw), 2a/l (c/s),2b/OH, 
2b/l 1(0), 9/3, 9/2a, 9/4, 8/14a,b, 8/15a,b, 8/4. 
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X-ray structural studies: The shielding effect of vicinal SiMes group 
overrides die deshielding effect of endo OH ^oup on protons attached 
to C(6) carbon (Table 6). The unequivocal identification of the major 
product (the endo alcohol) was made on the basis of X-ray 
crystallographic analysis of 238e (Figure 1 5). 

Figure 15; POV-ray diagram of 238e. Hydrogen atoms are excluded 
for clarity; (gold=carbon, red*=oxygen, deep pink=silicon, 
green=chlorine). 



The unequivocal proof for the major exo alcohol 239d was 
further confirmed with the help of X-ray crystal structure of compound, 
while minor 238d was confirmed endo on the basis of chemical shift 
values of allylic protons, exo-lU and endo-Ei protons (Table 6). Figure 
16 represents the ortep diagram of 238d. The structure of 238d reveals 
two ctystallographically indqiendent molecules in the unit cell. 
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Figure 16: Crystal structure of compound 239d, showing two 
crystallographicaily independent molecules: IcR, 239d (1), right 
239d(2). Hydrogen atoms are excluded for clarity. 




Mechanistic considerations: The diastoreof»;iat seiectivity of the 
allylindium addition depends on iJhe er^o substituents on die Or 
diketones. The formation of endo alcohols 238 and 240 could be 
explained as shown in B (Figure 17), the coordination of the 
allylindium reagent to both carbonyl oxygen of the diketone followed 
by exo addition to stericaily less congested carbonyl group furnishes Om; 
products. We believe that the reversal of selectivity in acetoxy and 
ethmiy derivative lb, 2b and Id, 2d leading to the jxedominant 
products as exo rdoohols 239 b,d and 241 b,d is possibly because of die 
chelation of the indium reagent to the heteroatom directly attached to 
the norbornyl derivatives (shown in A, Fi^pire 17). Reversal hi 
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selectivity in going to CH 2 OAC derivative Ic further supports our 
assumption. The formation of 1:1 mixture of alcohols If, 2f from the 
endo methyl ester derivatives could presumably be due to the chelation 
of the indium reagent to the ester carbonyl (shown in C). 

Figure 17 



When an electron-donating Me group was placed at C(5) in la, 
a significant alteration in diastereoselection was observed during allyl 
indium addition of 61 in comparison to la. Three products were 
observed in a ratio of 34:59:7 from 'H NMR spectrum of the crude 
reaction mixture prior to column purification (Scheme 99). We could 
able to assign the structure for the major two compounds 243 and 244, 
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with the diastereoselection in favor of the exo alcohol 244. The 
presence of an exo substituent, apparently, has an effect on the outcome 
of addition; there was a reversal in the selectivity compared to that of 
1,2a. The addition from exo face was diminished and fwssibly the 
major alcohol 244 was derived from addition to endo face as shown in 
D. The products 243 and 244 were characterized on the basis of their ‘H 
and '^C NMR spectrum. 

Scheme 99: Allyindium addition to the diketone 61 



In H NMR spectrum the allylic CH 2 protons are clearly visible 
as two doublets of !6ABq in the downfield region (5 2.77-2.60 ppm) for 
endo alcdiols 243, while for exo alcohol 244 they are strongly shielded 
(6 1.89-1.71 ppm) due to the presence of phenyl group. Similarly, the 
characteristic upfield shift of allylic CH 2 carbwi for m^or exo alcohol 
244 which appears at 36.8 ppm while the same for ewifo alcohol shows 
at 39.9 ppm. Further, for exo alcohol 244, was relatively deshielded. 
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similar to the exo alcohols 239^41 and apf^is at 105.6 ppm. Further 
the structure of major exo alcohol 244 was confirmed by X-ray crystal 
structure. The ortep diagram is shown in Figure 18. 

Figure 18: Ortep diagram of 244. Hydrogen atoms are excluded for 
clarity. 



Alfytatiou under differeut conditions: The diastereomeric ratios 
resulting from exposure of diketones to allyl bromide and indium in 
different solvents are complied in Table 7. For substrates studied, 
constant diastaeoselectivities were realized whether water is present or 
nc* (entries 4-5,8-121). Thus, the endo ethoxy and acetoxy substituents 
are cajole of exerting chelation contiol, irrespective of whether the 
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allylation is performed in an anhydrous or aqueous medium. By 
carrying out the reaction under acidic medium (entries 2, 7), the phenyl 
derivative la shows as such no response, giving rise to almost same 
product distribution (entry 1 , 2 ) while the diastereoselection in case of 
ethoxy derivative 2b was increased up to 7% in favor of endo alcohol. 
The use of additive such as addition of 1 mol equiv of LiF to phenyl 
derivative la has least effect (entry 3), and is similar to the reaction 
with 2:1 DMF:10% HCl (entry 2 ). Using excess reagent (entry 6 ), only 
the monoallylation product was detected, without any change in 
diastereoselectivity or yield of the reaction. The reaction was completed 
within Ih for 2b (entry 6 ). The outcome was also found to be same, 
giving longer reaction time of 20 h with excess reagent. The coupling 
of diketones with allylbromide in the presence of indium provides high 
yield and diastereoselectivity irrespective of solvent employed. 

Scheme 100 ; Allylation of diketone la 



For comparison purpose, Zn mediated allylation was performed 
on la. Treatment of la with allylzinc in 1:1 sat. NH 4 CI and DMF at 
room temperature afforded 238a and 239a in a ratio of 57:43 in 83% of 
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yield (Scheme 100). The use of Zn worsens the diastereoselectivity, 
while hi^ diastereoselection, 82:18 of 238a and 239a was achieved by 
indium mediated allylation reaction. 

Table 7; Indium promoted allylation in different solvents. 


Entry Substrate 

R 

Solvent 

Time 

(h) 

Yield 

(%)” 

Product 

Ratio*' 

1 

la,Ph 

DMF 

4 

94 

82:18 

2 

la, Ph 

DMF:10%HC1(2:1) 

3 

91 

84:16 

3 

la, Ph 

DMF 

5 

92 

84:16“ 

4 

lb, OEt 

DMF 

3.5 

93 

14:86 

5 

lb, OEt 

THF:H20(1:1) 

9 

94 

14:86 

6 

2b, OEt 

DMF 

1 

93 

18:82' 

7 

2b, OEt 

DMF:10%HC1(2:1) 

8 

91 

25:75 

8 

2b, OEt 

DMF:H20(1:1) 

3.5 

93 

17:83 

9 

Id, OAc 

DMF 

5 

93 

25:75 

10 

Id, OAc 

DMF:H20(1;I) 

5 

93 

25:75 

11 

2d, OAc 

DMF 

5 

91 

25:75 

12 

2d, OAc 

DMF:H20(1:1) 

5 

91 

25:75 

“All 

reactions 

were performed using 2 eq. 

indium metal by 


vigorously stirring with allylbromide in DMF; '’Isolated yields of 
analytically pure alcohols; “The product distributions in all cases 
were determined by 'H NMR integration at 400 MHz of the 
unpurified product mixtures; ‘‘DMF, LiF; “using excess In metal (3 
eq.) and S eq. allylbromide. 

‘For 1 X=C1, 238:239, For 2 X“Br, 240:241 
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2.2 Allylindium addition to disubstituted a-diketones: The 
allylindium addition to disubstituted a-diketones proceeds with a high 
level of diastereoselection. A single diastereomer was obtained for 
disubstituted derivatives li-l,t,v and 2i-k,t,v The endo alcohols 246 i- 
I,t,v and 247i-k,t,v were exclusively formed with excellent yield (Table 
8). From the *H NMR spectrum (400 MHz), a sharp singlet .was 
observed for hydroxyl group (D 2 O exchangeable), for all endo alcohols 
derived from mono and disubstituted derivatives. This is consistent 
with our observation for the monosubstituted alcohol 238a, where the 
hydroxyl singlet was found at 3.17 ppm (D 2 O exchangeable). The 
allylic CH 2 protons of endo alcohols 246,247, are clearly visible as dd 
(in most cases) in the same downfield range (2.99-2.63 ppm) as for 
endo alcohols 238,240. In '^C NMR, the allylic carbon appears at 40.4- 
43.7 ppm. 

The diester derivatives l,2in and 205 underwent subsequent 
cyclization after the initial allylindium addition leading to the 
corresponding lactones 248-250 (Scheme 101). These results further 
confirmed the exclusive formation of endo alcohols from the 
allylindium addition to the disubstituted a-diketones. The 'H NMR 
spectrum shows three singlets for OMe and '^C NMR shows the 
carbonyl groups at 190.5-200.7 ppm, the lactone carbonyls at 170.6 to 
1 73.9 ppm and the ester carbonyls at 1 66.9- 1 69.6 ppm for 248-250. 
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Table 8. Indium mediated allylation of disubstituted a-Diketones to 
acyloins* 


MeO OMe 

m 

In 


MeO ^ 

VJ 

.OMe 

R 

1 X=CI 

2X=Br 

DMF, It 


246 X*C1 

247 X=Br 

Entry Substrate 

R 

Product Time 

Yield*’ 





(h) 

(%) 

1 

li, X=C1 

1 

u 

246i 

6 

97 

2 

2i, X=Br 

■(CH2)3- 

247i 

7 

98 

3 

Ij, X=CI 

-(CH2)4- 

246j 

S 

96 

4 

2i,X=Br 

-(CH2)4- 

247j 

7 

97 

5 

Ik, X=C1 

-(CH2)5- 

246k 

5 

96 

6 

2k, X=Br 

-(CH2)5- 

247k 

5 

97 

7 

11, X=C1 

-(CH2)6- 

2461 

6 

98 

8 

It, X=C1 

-CH 2 OCH 2 - 

246t 

5 

95 

9 

2t, X=Br 

-CHjOCHr 

247t 

6 

95 

10 

lv,X=Cl 

CH 2 OAC 

246v 

10 

98 

11 

2v, X=Br 

CH 2 OAC 

247v 

9 

99 

*A11 reactions 

were performed 

using 2 eq. 

indium metal by 

c 


vigorously stirring with allylbromide in DMF; ^Isolated yields of 
aiMilyticaUy pure alcohols 
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Scheme 101 : Allylindium addition of diester derivatives 



3. Conclusion 

Unlike the indium mediated reductions of norbornyl a- 
diketones (Chapter 3A), where the reduction was taking place such as 
to furnish both the possible regioisomers but with exclusive endo- 
acyloins (ewrfo-hydroxyl groups), the coupling of the allylindium 
reagent was highly regioselective; the reagent added solely to the 
carbonyl group, diagonal to the endo substituent. The present study 
demonstrates the highly diastereoselective addition of allylindium to 
norbornyl a-diketones. In case of monosubstituted derivatives also, the 
reaction was found to be highly diastereoselective; reversal in the 
diastereoselection was observed on switching to oxygenated endo- 
substituents, connected to norbornyl framework throu^ oxygen atom. 



Conclusion 


The synthetically versatile title compounds norbornyl a- 
diketones were efficiently prepared from easily accessible, celebrated 
rigid template tetrahalonorbomyl derivatives by a novel, facile and 
extremely efficient methodolo©' employing catalytic RuCl3*3H20 and 
NaI 04 as stoichiometric cooxidant. The Chapter I summarizes the 
transformation of skeletal carbons of norbornyl core to: (i) five 
membered carbocycles such as pentenomycin analogues, (ii) 
azaspiro[4.5]decanone and (iii) y- and 5- lactones (Chart 17). The 
synthetic strategy involves tailoring of tetrahalonorbomyl skeleton by 
installing requisite functional groups and structural entities from the 
Diels-Alder adduct stage making use of the persuasive advantages of 
stereocontrol in dissection of skeletal bonds. The overall conclusions 
from Chapter are summarized below: 

1) The a-diketones were elaborated to obtain highly 
functionalized novel cyclopentane possessing bis(a-chioroester) groups 

or potential bicyclic lactones, which are inaccessible via the existing 
methods. 

2) The regio- and stereoselective formation of bridged lactones 
were successfully utilized in the synthesis of polyhydroxy cyclopentane 
derivatives. We have accomplished a new synthesis of 2- 
hydroxymethyl 4-deoxy pentenomycin derivative and a 
functionalized pentenomycin derivative 49 (89) in five and seven steps 
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in an overall yield of 41.3% and 20.6%, respectively, starting from 
tetrabromonorbomyl derivatives. 

3) A short Md efficient route to novel, unexplored structural 
motifs, viz, 7-azaspiro[4.5]decan-6-ones from norbornyl derivatives 
was developed by following a useful new sequence of reactions 
involving radical mediated bridgehead C-C bond formation of the 
potential bridged bicyclic lactones. 

Chart 17: cyclopentanoids from a-diketones 



'' > 2-hydoxymethyl 

, ^ . . . 4-<3eoxy penienoitiycin 

polyhydroxylated 


cyclopcntanoid 


O 



2-hydoxymethyl pcntenomycin 



n-K2 


4) The a-diketones were cleverly designed to provide a short 
synthetic access to y- and 5- lactones; an elegant and stereoselective 
strategy for a rigid DAG model was developed and an advance 
intermediate for its synthesis was prepared in just 3 steps starting from 
tetrachloro cyclopentadiene adduct* 



Conctusion 1 73 

The establishment of an elegant and stereoselective strategy to 
replace the 1,2-dihaloalkene bridge by the oxygen bridge via the a* 
diketones, paves the way to design and prepare few interesting rigid 
molecular scaffolds; which could act as smart molecules upon suitable 
elaboration, is the contents of Chapter 2. A beautiful orchestration of 
selective utilization of the two sets of chlorines along with an 
illustration of an unprecedented example of extracting fullest advantage 
of geometric constraints on the reactivity of the molecule was 
demonstrated. In contrast to all the applications known so far of 
tetrachloro norbornyl derivatives where complete dechlorination is 
invariably followed, the availability of ‘retained’ bridgehead chlorines 
by our method, facilitate smooth incorporation of oxa-bridges in a 
stepwise manner through a formal ‘bisnucleophilic’ oxygen. The endo- 
anr/-e»£fo-bis-adducts of tetrachlorocyclopentadiene with 
cyclopentadiene and furan furnished the corresponding oxa-bridg^ 
compounds and could serve as perspective building blocks for 
cis:anti:cis triquinanes and oxatriquinanes. Blcyclo |3.3.0) octane and 

[5.3.0] decane derivatives were conveniently accessed by alkaline 
cleavage of the diketones. 

The section A of Chapter 3 described a novel, efficient and 
regio- as well as diastereoselective conversion of non-enoliiable 
bicyclic a-diketones into synthetically useful acyloins mediated by 
indium metal, tolerable to a variety of sensitive substituents such as 
acetate, ester and bridgehead halogens {Chart 19). Further the 
methodology was extended to the synthesis of highly funciionali/ed 
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cyclopentane carboxaldehydes, potential building blocks in organic 
syntheses via cleavage of the acyloins under Pb(OAc)4/MeOH-PhH 
conditions. The allylindium addition was performed with 
carboxaldehydes, which were found to be highly diastereoselective. 
There was reversal in the selectivity in going from ethoxy derivative to 
phenyl derivative perhaps due to chelation control in the case of former. 

Chart 18: Synftesis of novel oxa-bridhged derivatives 
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Chart 19: Indium mediated reactions of a-diketones 




100:0 to 70:30 


In, NH^CI 
MeOH-HjO(4:l) 
reflux 



Unlike the indium mediated reductions, where the reduction of 
the a-diketone was taking place, formally, either to the carbon present 
in the same side or opposite side of the endo substituent, the coupling 
of the allylindium reagent was highly regioselective; the reagent added 
exclusively to the carbonyl group, diagonal to the tendo substituent 
(Chart 19). The present study in Chapter 3B demonstrates the highly 
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diastereoselective addition of allyiindium to norbornyl a-diketones. In 
case of monosubstituted derivatives also, a complete reversal in the 
diastereoselection was observed when the a/icfo-substituent was 
changed to encto-oxygenated group attached to norbornyl through 
oxygen. 



Experimental Section 


General information 

All the reactions were performed in oven dried apparatus and 
the reaction mixtures were magnetically stirred. Thin layer 
chromatography was performed on Acme Silica gel (Mumbai, India) 
coated on microscopic slides. Visuali2ation of spots was effected by 
exposure to iodine or spraying with 10% methanolic H2SO4 and 
charring. Column chromatography was performed using Acme's silica 
gel (100-200 mesh), and ethyl acetate-hexane wais used as eluent. 
Evapouration of solvents were performed at reduced pressure, using a 
Buchi rotary evaporator. 

Melting points are uncorrected and were recorded on JSGW 
melting point apparatus. Infrared spectra were recorded on Perkin- 
Elmer 1320 and Shimadzu 420 specrtophotometers as KBr pellets 
(solids), or as thin films on NaCl flats (liquids). ’H NMR was recorded 
at 400 MHz on JEOL spectrophotometer unless otherwise mentioned 
(500 MHz, 300 MHz, 80 MHz, 60 MHz). Data are reported as follows: 
(br=broad, s=singlet, d=doublet, t=triplet, q=quartet, m=multiplet; 
integraticm; coupling constant(s) in Hz; assignment). Chemical shifts 
are reported in ppm, and coupling constants are reported in Hz. Proton 
decoupled '^C NMR spectra were recorded at 100 MHz on JEOL 
spectrophotometer unless otherwise mentioned (125 MHz). DEPT were 
recorded at 135 ® angle and represented as CHj, CH2, CH and Cq 
(quartematy). Samples for NMR were made in CDCI3 and insoluble 
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compounds were made to dissolve by adding additional 3-4 drops of 
DMSO-d 5 into the CDCI 3 solution. Tetramethylsilane was used as the 
internal standard. CHN analysis was done in Techniche Universitat 
Dresden, Sektion Chemie. 

Commercial grade solvents were distilled before use. Hexane 
used was the fraction between 60-80 °C. Ethyl acetate was distilled 
over anhydrous potassium carbonate. Dichloromethane and chloroform 
were distilled over phosphorous pentoxide and stored over 4 A 
molecular sieves. Tetrahydrofuran (THF) was distilled from sodium 
benzophenone ketyl under nitrogen. Benzene was refluxed and dried 
over sodium. Acetic anhydride was distilled prior to use. Pyridine was 
distilled and stored over potassium hydroxide pellets. Dimethyl 
formamide (DMF) was purified by forming benzene-water azeotrope, 
distilling it under vacuum and storing over 4A molecular sieves. 
Methanol and ethanol were refluxed and distilled over magnesium 
turnings and stored over 4 A molecular sieves. Acetonitrile was 
distilled over P 2 O 5 . Distilled water was used for aqueous reactions. 

Tributyltin hydride was purchased from Aldrich, and was also 
prepared from tributyltin chloride and LiAIH 4 following literature 
procedure.” RuCU'SHiO was purchaswi from Arora Mathey Company. 
Indium, Pb(OAc) 4 , and lMaI 04 were purchased from Spectrochem India 
limited. 
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Chapter lA 

Synthetic Studies Towards Pentenomycins 

General procedure for the synthesis of a-diketones:' To a vigorously 
stirred solution of the substrate (0.5 mmol) in acetonitrile (6 ml) at 0- 
5°C (ice-water bath) was added a solution of RuCl3*3H20 (0.035 mmol) 
and NaI 04 (0.75 mmol) in water (1 ml). The mixture was stirred for the 
specified time and continuously monitored by tic. The resulting 
suspension was filtered through a thin pad of silica gel, which was then 
washed with ethyl acetate (15 ml). Concentration of the filtrate 
followed by silica gel column chromatography gave the pure yellow 
colored diketones. 

General procedure for the cleavage of a-diketones:' To a stirred 
solution of diketone (1 mmol) in methanol (5 ml) was added 30% H 2 O 2 
(0.75 ml) followed by slow addition of 6N NaOH solution (0.3 ml). 
After stirring at room temperature (~ 20°C) for 1-3 hrs, 5% HCl (10 ml) 
was added and extracted with ethyl acetate (3x5 ml). The combined 
ethyl acetate layer was washed once with brine and dried overNa 2 S 04 . 
The crude carboxylic acid obtained after concentration of ethyl acetate 
layer was treated with excess diazomethane in ethenmethanol (1 :1) at 0 
°C. After quenching excess diazomethane with acetic acid, the solution 
was concentrated and silica gel column chromatography afforded the 
pure products. 
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l, 4 -Dibromo- 5 -ethoxy- 7 , 7 -dimethoxy-bicycloI 2 . 2 .I]heptane- 2 ^- 
dione 2b: Yield: 96%, yellow solid; mp 72-78 °C; 'H NMR 5 4.33 (dd, 
IH, /= 9 . 5 , 2.2 Hz, C(5)Hexo), 3.76 (s, 3H, OMe), 3.69-3.63 (m, IH, 
Meo. .OMe CHj), 3.60 (s, 3H, OMe), 3.57-3.51 (m, IH, CH 2 ), 3.01 
•Br (dd, IH, , J= 13.5, 9.5 Hz, C( 6 )H«o), 2.19 (dd, IH, J = 



^ ^ 13.5, 2.2 Hz, C( 6 )He™jo), 1 . 1 2 (t, 3H, , J = 6.8 Hz, Me), 

O Br I 

'^C NMR 5 187.2 (-0=0), 184.6 (-0=0), 102.6, 80.9, 
72.7, 66 . 8 , 66.3, 52.8 (OMe), 52.1 (OMe), 42.5, 14.9 (Me); IR (KBr): 
2900, 1770, 1440, 1330 cm"'; Anal, calcd. for OnHuBrjOs: 0 34.22, H 
3.66; Found: 0 34.13, H 3.69. 


4-Bromo-7,7-dimethoxy-3-oxo-5-phenyl-2-oxa- 
bicyclo[ 2 . 2 . 1 ]heptane-l-carboxyUc acid methyl ester 52a: Yield: 
72%, colorless solid, mp 149-151 °C, ‘H NMR 8 736-7.29 (m, 3H, 
Moo^^oMe aromatic), 7.23-7.20 (m, 2H, aromatic), 3.91 (s, 3H, 
OOjMe), 3.82 (dd, IH, J = 10.8, 4.9 Hz, benzylic 
H), 3.74 (s, 3H, OMe), 3.45 (s, 3H, OMe), 3.24 (dd, 1 H, 
J= 13.7, 10.8 Hz, 0(6)H„o), 2.45 (dd, IH, J = 13.7. 5.1 Hz, 

0(6)He„do); "0 NMR 5 166.7 (0-0=0), 166.1 (0-0=0), 135.4, 128.7 
(OH), 128.6 (OH), 128.3 (OH), 109.6, 84.9, 70.1, 53.3 (OHj), 52.0 
(OH 3 ), 51.7 (OH 3 ), 46.9 (OH), 39.3 (OH 2 ); IR (KBr) 2900, 1790, 1740, 
1590, 1430, 1 170, 700 cm Anal. Oalcd. for OiiHisBrOe: C, 50.02; H, 
4.20. Found: 0, 49.60; H, 4.40. 
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4-Bromo-5-ethoxy-7,7-dimethoxy-S-oxo-2-oxa- 
bicyclo[2.2.1]heptane-l-carboxyIic acid methyl ester 52b: Yield; 
78%; colorless solid; mp 96-98 “C; 'H NMR 5 4.30 (dd, IH, J= 8.5, 
Meo oMe 2.7 Hz, CH), 3.86 (s, 3H, COjMe), 3.80 (s, 3H, OMe), 
_^co,Me 3.76 (dq, IH, J= 9.3, 7.0 Hz, -O-CH 2 ), 3.62 (s, 3H, 
OMe), 3.65-3.57 (m, IH, merged with OMe,' -O-CH 2 ), 
° OEt 3.40 (s,3H, OMe), 3.09 (dd, IH, 7=13.4,8.5 Hz), 2.02 

(dd, IH, 7= 13.4, 8.5 Hz), 1.18 (t, 3H, 7= 7.0 Hz, Me), '^C NMR 5 
166.8 (0-C=0), 165.4 (0-C=0), 108.8, 84.9, 78.7, 67.8, 66 . 8 , 53.2 
(COaMe), 51.67 (OMe), 51.65 (OMe), 40.3, 15.1 (Me); IR(KBr): 2850, 
1780, 1720, 1420,; Anal, calcd. for CuH, 78107 : C 40.81, H 4.85; 
Found: C 40.90, H 4.89. 


1 ,4-Dichloro-5-ethoxy-7,7-dimethoxy-bicycIo(2.2. 1 1 heptane-2,3- 
dione lb: Yield: 98%, yellow solid; mp 47-49 "C; 'H NMR 5 4.28 (dd, 

C(5)Hexo), 3.71 (s, 3H, OMe), 3.66 
Hz, CH 2 ), 3.55 (s, 3H, OMe), 3.52 
Hz, CH 2 ), 2.98 (dd, IH, , 7 = 13.7, 
IH, 7= 13.6, 2.2 Hz, C(6)He„do), 
1.13(t,3H,,7=7.1 Hz, Me); '^C NMR 5 187.2 (-0=0), 185.5 (-C=0), 
102.6, 80.8, 79.4, 74.5, 66.8, 52.6 (OMe), 52.1 (OMe), 41.0, 14.9 (Me); 
IR (KBr): 2850, 1760, 1440, 1330 cm"'; Anal, calcd. for CnHwCljOs: C 
44.47, H 4.75; Found: C 44.51, H 4.77. 
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1 y3-DichIoro-2^-dimethoxy-4-phenyl*cyclopentane- 1 ^-dicarboxylic 
acid dimethyl ester 50a: Yield: 93%; mp 87-88 ®C, colourless solid 
(dichloromethane/hexane), NMR 5 7.40-7.28 (m, SH), 4.10-3.97 (m, 
2H), 3.88 (s, 3H, COiMe), 3.72 (s, 3H, C02MeX 3.44 


OMe 


.Cl 


MeO^ 

(s. 3H, OMe), 3.20 (s, 3H, OMe), 2.36-2.32 (m, 
'ph'"' IH); '^C NMR 5 168.0 (0-C=0), 166.8 (0-C=0), 
135.2, 128.2 (CH), 128.0 (CH), 127.8 (CH), 110.5, 81.8, 77.5, 53.5 
(CH3), 53.3 (CHj), 53.2 (CH3), 52.9 (CHj), 52.1 (CH), 40.8 (CH^); IR 
(KBr) 2900, 1710, 1410, 1200, 900 cm Anal. Calcd for C,7H2oCl206: 
C, 52.19; H, 5.15. Found: C, 52.18; H, 5.13. 


l,3-DichIoro-4-ethoxy-2,2-diniethoxy-cyclopentane-l,3-dicarboxyUc 
acid dimethyl ester 50b; Yield: 81%; colorless solid, mp 62-64 “C; 'H 
NMR 5 4.38 (dd, 1 H, 7 = 12.2, 6J Hz, C4 Hp), 3.84 (s, 3H, OMe), 3.83 
(s, 3H, OMe), 3.84-3.80 (m, IH, buried under OMe), 3.67-3.56 (m, 
M«o^ ^oMe 2H), 3.64 (s, 3H, OMe), 3.17 (s, 3H, OMe), 2.35 (dd. 


Cl 

McO,C 



Cl 


co,M. ’H. *4.1, 6.1 Hz, Cj H„), 1.17 (t, 3H, 7.1 

bo" Hz, Me); '^C NMR 5 167.7 (-0-C=0), 166.5 (-O-CO), 
108.5 (C2), 86.5 (C4), 80.4, 76.5, 67.3, 53.5, 53.4, 52.9, 52.2, 42.4, 1 5.4; 


IR (KBr) 2850, 1740, 1430, 1220, 1060 cm*'; Anal. Calcd for 


CnHzoCljOe: C, 45.50; H, 5.87. Found: C, 45.46; H, 5.88. 
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4-Chloro-7,7-dimethoxy-3-oxo-5-pheiiyI-2-oxa- 
bicycIo[2.2.1]heptane-l-carboxylic acid methyl ester 51a: Yield: 
81%, colorless solid, mp 140-142 °C, 'H NMR 6 7.35-7.21 (m, 5H, 
Mco OMc aromatic), 3.91 (s, 3H, CO ?Me) . 3.78 (dd, 1 H, 7= 1 1 .0, 
^co,Me 5.1 Hz, benzylic H), 3.71 (s, 3H, OMe), 3.45 (s, 3H, 
OMe), 3.23 (dd, IH, J= 13.9, 10.9 Hz, C(6)Hexo), 2.42 

o Cl I 

(dd, IH, J= 13.9,,5.1 Hz, C(6)Hendo); '^C NMR 6 166.8 
(0-C=0), 166.1 (0-C=0), 135.2, 128.6, 128.4, 109.4, 84.6 (C,), 77.7 


(C4), 53.3 (OMe), 52.0 (OMe), 51.7 (OMe), 46.9, 39.3; IR (KBr) 2850, 
1790, 1740, 1590, 1420, 710 cm Anal. Calcd. for CisHieClOs: C, 


56.56; H, 4.75. Found: C, 56.58; H, 4.77. 


4-Chloro-5-ethoxy-7,7-dimethoxy-3-oxo-2-oxa- 

bicyclo[2.2.11heptane-l-carboxylic acid methyl ester 51b; Yield: 

73%; colorless solid; mp 86-88 °C; 'H NMR 5 4.28 (dd, IH, 7 = 8.6, 

2.6 Hz, C(5)Hexo), 3.86 (s, 3H, CO^MeV 3.77 (dq, 1 H, 7 = 9.5, 7. 1 Hz, - 

O-CH 2 ), 3.63-3.55 (m, IH, merged with OMe, -O-CH 2 ), 3.58 (s, 3H, 

Meo OMe ^ ^H, OMe), 3.10 (dd, IH, J= 13.7, 8.6 

A^CO,Me 

Hz),2.00(dd, lH,/= 13.7,2.6 Hz), 1.18(t,3H,y = 
o^^ci 7.0 Hz, Me), '^C NMR 8 165.8 (0-C=0), 165.6 (O- 

OEt 

C=0), 108.7, 84.9 (Ci), 78.3 (C 4 ), 66.9, 53.3, 51.8, 51.6, 39.7, 15.2 
(Me); IR (KBr): 2950, 1800, 1740, 1440, 1310; Anal, calcd. for 
CnHnClOr: C 46.69, H 5.55; Found: C 46.72, H 5.57. 
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General Procedure for bridgehead reduction: A solution of the 
bromo lactone (0.5 mmol), BusSnH (0.6 mmol) and AIBN (0.012 
mmol, 5 mol%) in benzene (3 ml) was refluxed under an inert 
atmosphere. After completion of the starting material (tic monitoring), 
benzene was distilled off in a rotavapor. The crude reaction mixture 
was directly purified by silica gel column chromatography. First 50 ml 
fractions were collected with hexane as eluent to remove tin impurities 
and later on polarity of the eluent (EtOAc-hexane) was increased to get 
tKe pure product. 


7,7-Din»ethoxy-3-oxo-5-phenyI-2-oxa-bicyclo(2.2.11heptane-l- 
carboxylic acid methyl ester 55a: Yield: 91%; colourless solid 
Meo OMc (EtOAc/hexane); mp 120-122 °C; H NMR 5 7.33-7.20 

^COMc 

■ (m, 5H, aromatic), 3.88 (s, 3H, C 0 7 Me) . 3.85-3.80 

{ (m, IH, benzylic H), 3.46 (s, 3H, OMe), 3.33 (s, 3H, 

Ph 

OMe), 3.21 (d, IH, >4.2 Hz, bridgehead H), 3.13 (dd, IH, >13.7, 
10.5 Hz, C(6)Hexo), 2.33 (dd, IH, >13.7, 5.2 Hz, ’'C NMR 

5 170.1 (0-C=0), 166.8 (0-C=0), 138.3, 128.7, 127.5, 127.4, 111.9, 
87.0, 55.7, 53.0, 51.5, 51.4, 38.6, 38.5; IR (KBr): 2850, 1790, 1720, 
1420, 1320, 1260, 1000, 940 cm'*; Anal, calcd. for Ci5H|806: C 62.74, 
H 5.92; Found: C 62.7 1 , H 5.90. 


5-Ethoxy-7,7-dimethoxy-3-oxo-2-oxa-bicycloI2.2.1]heptaiie-l- 
carboxylic acid methyl ester 55b: Yield: 93%; colorless solid 
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(EtOAc/hexane); mp 92-94 °C, 'H NMR 5 4.29-4.25 (m, IH, Hexo), 
Meo^oMe 3 . 8 ] ( 5 , 3H, COjMe), 3.52 (dq, m,J= 8 . 8 , 7.0 Hz, -0- 
o- CHz), 3.43-3.34 (m, IH, merged with bridgehead H), 



O' I 3.37 (d, IH, / = 4.2 Hz, bridgehead H), 3.30 (s, 3H, 

OEt 

OMe), 3.23 (s, 3H, OMe), 2.94 (dd, IH, J= 13.7, 8.5 Hz, Hexo), 1-91 
(dd, 1 H, J= 13.7, 2.5 Hz, He„do), 1 -12 (t, 3H, J= 7.0 Hz, Me), '^C NMR 
5 168.7 (0-C=0), 166.6 (0-G=0), 111.5, 86 . 8 , 72.7, 64.8, 53.6, 53.0, 
51.4, 51.3, 39.7, 14.9 (Me); IR (KBr): 2900, 1770, 1740, 1430,' 1270 
cm'*; Anal, calcd. for C 12 H 18 O 7 : C 52.55, H 6.61; Found: C 52.53, H 
6.63. 


l,4-DichIoro-7,7-diinethoxy-3-methyl-5,6-dioxo- 
bicyclo[2.2.1]heptane-2-carboxylic acid methyl ester 57: Yield: 94%, 
yellow solid (dichloromethane/hexane); mp 89 ® C; 'H NMR 6 3.74 (s, 
3H, OMe), 3.73 (s, 3H, OMe), 3.54 (s, 3H, OMe), 3.16 (d, 1 H, J= 6.3 
Meo^oMc Hz,C(3)H«o), 2.41 (qn, IH, J= 6.8 Hz, C(3)He„do), 1-48 
(d, 3H, , J = 6.8 Hz, Me); ‘''C NMR 5 186.9 (-C=0), 
186.0 (-0=0), 170.0, 102.5, 77.6, 77.5, 56.4 (OMe), 
53.0 (OMe), 52.3 (OMe), 51.8, 39.1, 17.2 (Me); IR (KBr): 2900, 1760, 
1720, 1420, 1340, 1260, 1 190 cm''; Anal, calcd. for CaHuCUOe: C 
44.33, H 4.34; Found: C 44.36, H 4.35. 


CI Me 



CO, Me 


ly4-DichIoro-5,5-diiiiethoxy-3-methyI-cyclopeiitane-l,2»4- 
tricarboxylic acid trimethyl ester 58: Yield: 89%, white solid 
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(dichloromethane/hexane); mp 87 °C; 'H NMR 6 3.84 (s, 3H, OMe), 

MeO OMe^^ ^ 3 7, ^5^ 3^^^ 3 gg 3^^^ 

\0Mc 3.45-3.38 (m, IH), 3.35-3.32 (m, IH), 3.25 



Me (S, 3H. OMe), 1 .25 (d, 3H, , J = 6.8 Hz, Me); '*’C NMR 
5 169.8 (-0-0=0), 167.6 (-0-0=0), 167.6 (-0-0=0), 1 10.4, 79.6, 77.7, 
53.5, 53.3, 51.1, 51.9, 51.7, 41.3, 13.5 (Me); IR (K.Br); 2900, 1740, 
1410, 1270, 1230, 1010 cm''; Anal, calcd. for OuHzoClaO*: 0 43.43, 
H 5.21 ; Found: 0 43.46, H 5.23. 


1,2,3, 4-Tetrachloro-7,7-dimethoxy-5-niethyl-5-phenyl- 
bicycloI2.2.1Ihept-2-ene 59: Yield: 81%, obtained as yellow viscous 

MeO . C^e , 

liquid; 'H NMR 6 7.29-7.25 (m, 5H, aromatic), 3.68 (s, 
iMc 3H, OMe), 3.54 (s, 3H, QMe), 2.94 (d, IH, J * 12.4 
ph Hz, 0(6)He,o), 2.5 l(d, IH, J= 12.4 Hz, 0(6)1 W, 1.81 
(s, 3H, Me); IR (KBr): 2900, 1600, 1480, 1440, 1370, 1280, 1200 cm''. 



l,2,3,4-Tetnibromo-7,7-diinethoxy-5-inethyl-5-phenyi- 
bicyclo[2.2.1]hept-2-ene 60: Yield: 79%, colorless solid; mp 84 ®0; 'H 
NMR 5 7.97-7.20 (m, 5H, aromatic), 3.70 (s, 3H, OMe), 3.57 (s, 3H, 

MeO ^ ^ OMc 

Br T p. OMe), 3.02 (d, 1 H, J = 1 2.5 Hz, 0(6)H«o), 2.56 (d, 1 H, 
Me J= 12.6 Hz, 0(6)Hep*,), 1.81 (s, 3H, Me); '’C NMR 6 
ft 141.8, 129.6, 128.0, 127.4, 126.8, 103.5, 80.2, 68.6, 52.9 
(OMe), 52.0 (OMe), 51.5, 47.5, 30.4; IR (KBr): 2900, 1560, 1480, 
1430, 1360 cm''. 
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1.4- 0ichloro-7,7-dimethoxy-5-methyl-5-phenyl- 
bicyclo[2J.l]heptane-2^-dione 61: Yield: 91%, yellow solid; mp 59- 
61 ° C; 'H NMR 5 7.28-7.21 (m, 5H, aromatic), 3.78 (s, 3H, OMe), 3.54 

Meo . .OMe (s, 3H, OMe), 3.09 (d, 1 H, 13.6 Hz, C(6)He.o), 2.80 
■ Cl (d, IH, J = 13.6 Hz, C(6)Hc„do), 1.80 (s, 3H, Me); '^C 
NMR 5 188.6 (-C=0), 186.4 (-C=0), 141.9, 128.9, 
127.9, 125.8, 103.2, 84.6, 75.2, 52.4 (OMe), 51.8 (OMe), 
46.2, 44.7, 28.9; IR (KBr): 2900, 1760, 1590, 1440 cm''; Anal, calcd. 
for C, 6 H, 5 Cl 204 : C 55.99, H 4.70; Found: C 55.96, H 4.72. 

1.4- Dibromo-7,7-dimethoxy-5-inetliyl-5-phenyI- 
bicyclo(2.2.1]heptane-2,3-dione 62: Yield: 87%, yellow solid; mp 92- 



OMe 



94 "C; 'H NMR 6 7.42-7.21 (m, 5H, aromatic), 3.82 (s, 
3H, OMe), 3.58 (s, 3H, OMe), 3.17 (d, IH, / = 13.6 
p, Hz, C(6)Hexo), 2.89 (d, 1 H, 13.6 Hz, C(6)He„<,o), 1 -SO 
(s, 3H, Me); '^C NMR 5 188.1 (-0=0), 185.6 (-0=0), 140.9, 128.9, 
127.9, 125.9, 103.5, 80.2, 676, 52.7 (OMe), 51.9 (OMe), 46.9, 30.4; IR 
(KBr): 2900, 1 760, 1 440 cm’’ ; Anal, calcd. for 0|6H,6Br2O4: 0 44.47, 
H 3.73; Found: 0 44.50, H 3.75. 


4-Bromo-7,7-dimethoxy-5-methyl-3-oxo-5-phenyl-2-oxa- 
bicyclo[2.2.1]heptane-l-carboxyIic acid methyl ester 63: Yield: 83%, 
colorless solid (dichloromethane/hexane); mp 135-136 ®0; 'H NMR 5 
7.71-7.22 (m, 5H, aromatic), 3.89 (s, 3H, OMe), 3.71 (s, 3H, OMe), 
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3.39(s,3H, OMe),3.14(d, lH,y= 14.0 Hz, C( 6 )H«o), 3.01 (d, 1H,J= 
Meo OMe ,4 0 Hz, C(6)H«Hk.), 1-86 (s, 3H, Me); '^C NMR 5 
166.9 (-0-C=O), 166.3 (-0-C=0), 142.4, 128.3, 
127.5, 126.8, 109.4, 84.9 (C,), 75.6 (C 4 ), 53.2 
(OMe), 51.7'’(OMe), 51.6 (OMe), 45.7 (C5), 44.6 (Q), 26.8 (Me); IR 
(KBr): 2900, 1790, 1720, 1610, 1420 cm’‘. Anal. Calcd. for 
CnHigBrOfi-. C 5 1 .27, H 4.56; Found: C 5 1 .3 1 , H 4.54. 


1 3-Dichloro-2,2-dimethoxy-4-inethyI-4-phenyl-cycIopentane-l 3- 
dicarboxylic acid dimethyl ester 64: Yield: 61%, colorless solid 
(dichloromethane/hexane); mp 99-100 °C; 'H NMR 6 7.51-7.20 (m, 
Meo oMc^^ aromatic), 4.64 (d, IH, J * 14.0 Hz), 3.83 (s, 
3H, OMe), 3.74 (s, 3H, OMe), 3.28 (s, 3H, 
OMe), 3.27 (s, 3H, OMe), 1 .74 (s, 3H, Me); "C NMR 5 

Ph 

168.4 (-0-C=0), 167.7 (-0-CO), 144.8, 128.2, 126.9, 125.6, 111.4, 
88 . 6 , 77.6, 53.4, 53.3, 53.0, 45.7 (C$), 44.6 (C 6 ), 26.8 (Me); IR (KBr): 
2900, 1720, 1600, 1500, 1440, 1390, 1220, 1080 cm''; Anal, calcd. 
for CuHjjCbOft; C 41.13, H 6.90; Found: C 41.17, H 6.93, 


4-ChIoro-7,7-dimethoxy-5-niethyi-3-oxo-5-phenyl-2-oxa- 
bicyclo[2,2.11heptaBe-l-carboxylkacHl methyl ester 65: Yield: 14%, 
colorless solid (dichloromethane/hexane); mp 108-1 10 ®C; 'H NMR 5 
7.45-7.21 (m, 5H, aromatic), 3.90 ($, 3H, OMe), 3.70 (s, 3H. OMe), 
3.39 (% 3H, OMe), 3.1 1 (d, 1 H, 13.9 Hz, C( 6 )Hh«). 2.98 (d, 1 H, 
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14.0 Hz, C(6)He™io), 1-80 (s, 3H, Me); ”C NMR 5 167.0 (-0-C-0), 
167.2 (-0-C=0), 142.3, 128.4, 127.5, 126.9, 109.2, 

McO OMe 

Xco,Me 84.2 (C,), 80.9 (C 4 ), 53.2 (OMe), 51.7 (OMe), 51.5 
(OMe), 45.8 (C 5 ), 44.1 (Cg), 25.8 (Me); IR (KBr); 
n 2900, 1800, 1740, 1590, 1440, 1300, 1240 cm’'; Anal, 
calcd. for CnHigClO*: C 57.72, H 5.13; Found: C 57.76, H 5.14. 


l,4,5,6-Tetrabromo-7,7-dimethoxy-2-methyl-bicyclo[2.2.1]hept-5- 

ene-2-carboxyUc acid methyl ester 67: Yield: 91%, colorless solid 
(dichloromethane/hexane); mp 142-144 °C; 'H NMR 5 3.68 (s, 3H, 
Mco OMe 3 ^3 3 H, OMe), 3.58 (s, 3H, OMe), 3.02 (d, 

C(3)Hexo), 2.26 (d, IH, J= 12.6 Hz, 
Br'''VT C(3)H.ndo), 1.62 (s, 3H, Me); '^C NMR 5 172.5 (-0- 

COjMc 

C=0), 126.8, 126.1, 112.3, 74.9, 67.7, 55.2 (Cj), 53.1 (OMe), 52.5 
(OMe), 51.6 (OMe), 45.6, 22.3 (Me); IR (KBr): 2900, 1730, 1560, 
1440, 1380 cm’'. 


l,4-DichIoro-7,7-dimethoxy-2-methyl-5,6-dioxo- 
bicyclol2.2.11heptane-2-carboxylic acid methyl ester 68: Yield: 57%, 
yellow viscous liquid; 'H NMR 5 3.72 (s, 3H, OMe), 3.65 (s, 3H, 
Meo^OMe QMe), 3.53 (s, 3H, OMe), 2.86 (d, IH, J= 13.2 Hz, 
VJ<" C(3)He«,), 2.50 (d, IH, J= 13.2 Hz, C(3)He«io), 1-67 (s, 
^m. 3H, Me); '^C NMR 5 187.4 (-CO), 186.4 (-CO), 
172.7 (-0-0=0), 102.8 (C,), 81 .9, 74.3, 53.3 (OMe), 52.5 (OMe), 51.8 
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(OMe), 51.0 (C 2 ), 43 . 9 (C 3 ), 21.3 (Me); IR (neat): 2900, 1760, 1720, 
1430, 1360 cm''; Anal, calcd. for C 12 H 14 CI 2 O 6 : C 44.33, H 4.34; 
Found: C 44.35, H 4.37. 


l,4-Dibromo-7,7-dimethoxy-2-inethyl-5,6-dioxo- 
bicycIo[ 2 , 2 . 11 heptane- 2 -carboxyIic acid methyl ester 69:Yield; 54 %, 
Meo ^ OMe yellow soHd (dichloromethane/hexane); mp 96-98 ° C; ‘ H 
NMR 5 3.76 (s, 3H, OMe), 3.65 (s, 3H, OMe), 3.58 (s. 

'Me 

o^Br' T 3H, OMe), 2.92 (d, IH, 7 = 13.2 Hz, C(3)He*o), 2.60 (d, 

CO,Mc 

IH, 'J= 13.2 Hz, C(3 )H«hIo), 1-71 (s, 3H, Me); '^C NMR 5 186.7 



(-C= 0 ), 185.5 (-C= 0 ), 172.7 (-0-CO), 103.0 (C 7 ), 76.5, 66 . 4 , 53.2 
(OMe), 52.7 (OMe), 52.0 (C 2 ), 45.3 (C 3 ), 26.3 (Me); IR (neat): 2900, 
1760, 1720, 1360 cm''; Anal, calcd. for C, 2 HuBr 206 : C 34.81, H 
3.41; Found: C 34.84, H 3.44. 


l,7-Dichioro-3-hydroxy-8,$-dimethoxy-6-methyl-4-oxa- 
tricyclo(4.2.1.0’’’jnonane-2,5-dione 70: Yield: 35%, colorless solid 
(EtOAc); mp 152-154 “C; 'H NMR (CDCljrDMSO, 
20: 1 ) 5 4.50 (br s, 1 H, OH, D 2 O exchangeable), 3.69 (s, 
3H, OMe), 3,63 (s, 3H, OMe), 2.54 (d, 1 H, J = 13.4 
"o Hz, C( 8 )H«o), 2.48 (d, 1 H, J « 1 3.4 Hz, C( 8 )HU,), 1 .54 
(s, 3H. Me); '^C NMR 5 192.7 (-C-0), 173.2 (-OC-O), 102.5 (Cj), 
102.5 (Cj), 78 . 4 , 73.9, 52.5 (OMeX 51.7 (OMeX 51.6 (Q). 41.3 (C,), 




Chapter lA 


191 


17.8 (Me); IR (KBr): 3150, 2900, 1760 (br), 1430, 1370 cm'*; Anal, 
calcd. for CnHijCbOs: C 42.47, H 3.89; Found: C 42.51, H 3.91. 


l,7-Dibromo-3-hydroxy-8,8-dimethoxy-6-inethyl-4-oxa- 
tricyclo[4.2.1.0^’^]nonane-2,5-dione 71: Yield: 33%, colorless solid 
(EtOAc); mp 188-190 “ C; 'H NMR (CDCl^DMSO, 20:1) 5 3.71 (s. 


3H, OMe), 3.67 (s, 3H, OMe), 2.58 (d, IH, J= 13.2 Hz, C(8)Hexo), 2.47 



(d, IH, J= 13.4 Hz, C( 8 )He„do), 1.54 (s, 3H, Me); '^C 
NMR 8 193.4 (-C=0), 173.8 (-0-C=0), 102.5 (Cg), 
101.1 (Cj), 72.7, 66 . 6 , 52.6 (OMe), 52.5 (OMe), 51.5 
(Cfi), 44.2 (Cg), 20.1 (Me); IR (KBr); 3150, 2900, 


1760 (br), 1430 cm’’; Anal, calcd. for CnHnBrzOfi.- C 33.03, H 3.02; 
Found: C 33.07, H 3.01. 


2,4-DichIoro-3r3-dimethoxy-l-metbyl-cyc]opentane-l,2,4- 
tricarboxylic acid trimethyl ester 72; Yield; 78%; colorless solid, mp 
54 °C; 'H NMR 6 4.30 (d, IH, 7 = 15.5 Hz, Cs Hp), 3.79 (s, 3H, OMe), 
3.77 (s, 3H, OMe), 3.76 (s, 3H, OMe), 3.66 (s, 3H, OMe), 3.43 (s, 3H, 
OMe), 2.38 (d, IH, 7= 15.5 Hz, Cs H„), 1.65 (s, 3H, 
Me); '-’C NMR 6 173.9 (-0-C=0), 168.7 (-0- 


MeOjC'‘’\_/'''COiMe 


Me' 




TO, Me C=0), 168.7 (-0-C=0), 1 10.4 (Cj), 82.2, 75.6, 54.6 (C 4 ), 


53.8 (OMe), 53.3 (OMe), 53.2 (OMe), 52.4 (OMe), 47.0 (Cj), 24.7 
(Me); IR (KBr) 2900, 1720, 1420, 1320 cm''; Anal, calcd. for 
CuHjoClzOg: C 43.43, H 5.21; Found: C 43.48, H 5.24. 
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4-Broino-7,7-dimethoxy-5-m€thyl-3-oxo-2-oxa- 
bicycloI2.2.1]heptane-13-dicarboxylic acid dimethyl ester 73: 
Yield: 92%; colorless solid, mp 1 10 ®C; 'H NMR 6 3.87 (s, 3H, OMe), 
Meo oMe 3.71 ( 5 , 3H, OMc), 3.65 (s, 3H, OMe), 3.39 (s, 3H, 
OMe), 3.14 (d, IH, J= 13.7 Hz, Q He«), 2.17 (d, IH, 
= 13.7 Hz, Cfi Hen*,), 1.70 (Me); "C NMR 6 172.1 (- 

COjMc 

0-C=0), 166.9 (-0-0=0), 165.7 (-0-0=0), 109.4 (C 7 ), 84.5 
(bridgehead, 0,), 70.3 (O 4 ), 53.2 (OMe), 53.0 (OMe), 51.63 (OMe), 
51.61 (OMe), 49.3 (O 5 ), 42.1 (Os), 21.7 (Me); IR (KBr): 2850, 1790, 
1720, 1420, 1320, 1260, 1000, 940 cm'*; Anal, calcd. for OuMuBrO*: 
0 40.86, H 4.75; Found: 0 40.89, H 4.73. 


1 ,7-Dichloro-3-hydroxy-8,8-.dimethoxy*2,5-dioxo-4-oxt- 
tricycIo|4.2.1.0^’’lnonane-9-carboxylic acid methyl ester 74: Yield; 
40%, colorless solid (EtOAc); mp 152-154 ®C; 'H NMR 
(ODOl 3 :DMSO, 20:1) S 3.89 (d, IH, J - 1 1.0 Hz,), 3.75 (s, 3H, OMe), 


1.0 Hz); '^0 NMR 6 190.7 (-0=0), 168.1 (-00=0), 



53.0, 51.8, 50.6; IR (KBr); 3150, 2900, 1760 (br), 1430, 1370 cm'*; 
Anal, calcd. for OuH.jOlzOg: 0 40.59, H 3.41; Found: C 40.58, H 
3.42. 
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4-Chloro-7,7-diniethoxy-5-methyl-3-oxo-2-oxa- 
bicyclo{2J!.l}heptane-l,5-dicarboxyIic acid dimethyl ester 76: 
Yield: 57%; colorless solid (dichloromethane^exane), mp 88-90 "C; ’H 
NMR 5 3.88 (s, 3H, OMe), 3.71 (s, 3H, OMe), 3.61 
(s, 3H, OMe), 3.87 (s,3H, OMe),3.10(d, IH, 13.6 
^o,Me Hz, C(6)H«o), 2.67 (d. IH, J= 13.6 Hz, 1.67 



(Me); '^C NMR 5 172.3 (-0-CO), 167.1 (-0-0=0), 165.7 (-0-0=0), 
109.4 (O 7 ), 83.9 (bridgehead, 0,), 77.2 (O 4 ), 53.3 (OMe), 53.2 (OMe), 
51.8 (OMe), 51.7 (OMe), 49.2 (O 5 ), 41.8 (Os), 20.3 (Me); IR (KBr) 
2900, 1790, 1700, 1430, 1320 cm''; Anal, calcd. for OnHigClOj: C 
46.23, H 5.37; Found: 0 46.25, H 5.39. 

3a,5-Dichloro-4,4-dimethoxy-6a-methyl-l,3-dioxo-hexahydro- 
cyclopenta{c]furan-5-carboxyIic acid methyl ester 77: Yield: 14%; 
cdtertes solid (dtehloromethaneOiexane), mp 122-124 °0; 'H NMR 8 


' 3.^ (s; SH; OMe)s 3.75 (s/ 3 H, OMe), 3.54 (d, 1 H, J 
= 1 5.6 Hz), 3.3 1 (s, 3H, OMe), 2.42 (d, 1 H, J = 

/ \ / COjMc 

1 5.6 Hz), 1 .69 (Me); '^0 NMR 8 173.3 (-0-0=0), 



o 167.1 (-0-0=0), 119.7, 72.5, 53.9, 53.7, 51.9, 45.7, 23.4; 
IR (KBr) 2850, 1850, 1780, 1720, 1420, 1240, 1200 cm*'. 


Trimethyl-(l,4,5,6-tetrachIoro-7,7-dimethoxy-bicycIol2.2.1]hept-5- 
en-2-yI)-silane 3e,ei: Yield: 73%; mixture of regioisom^ (97:3), 
obtained as a viscous liquid. 
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Major isomer 3e: 'H NMR 5 3.60 (s, 3H, OMe), 3,5 1 (s, 3H, OMe), 
Mri). .OMe 2.45 (dd, lH,y= 1 1.2, 9.8 HzC(3)H,xo), 1.95 (dd, IH,y 
^ = 9.8, 5.2 Hz, C(2)He*o), I -70 (dd, 1 H, J = 1 1 .2, 5.2 Hz, 

cr Cl I C(3)Hendo), 0.04 (s, 9H, SiMej); '^C NMR 5 130.5, 

TMS 

3..«Kio.n»jv j 29.0^ 112.2 (C7), 78.5 (bridgehead), 75.2 (bridgehead), 
52.9 (OMe), 51.7 (OMe), 37.5, 35.4, -1.9 (3C, Me); IR (KBr) 2900, 
1600, 1440, 1240, 1180 cm''. 

Minor isomer 3ei: (partial data from the mixture); 'H NMR 5 2.16 
(dd, IH, 12.6, 7.1 HzC(3)Hexo), 1.27 (dd, IH, J= 
10.7, 7.1 Hz, C(3)He„*,), 0.09 (s, 9H, SiMej); '^C 
NMR 5 129.6, 128.7, 76.0, 52.9 (OMe), 51.2 (OMe), 
39.8, 37.7,-1.6(30, Me). 



cr Cl 

3e,, exo, minor 


Trimethyl-(l,4,S,6-tetrabromo-7,7-dimethoxy-biGyclo|2.2.1]hept-S- 
en-2-yl)-silane 4e,ei; Yield: 52%; mixture of regioisomere (96:4), 
obtained as a viscous liquid. 

Major isomer 4e: 'H NMR 5 3.55 (s, 3H, OMe), 3,50 (s, 3H, OMe), 
Meo^ .oMc 2.41 (dd, 1 H, 1 1 .3, 9.7 Hz C(3)H«»), 1 .93 (dd, 1 H, 
7= 9.7, 5.2 Hz, C(2)H«„), 1.66 (dd, IH, 7* 1 1.3, 5.2 


Br. 


3r 



Br' Br I Hz, C(3)He„do), 0.06 (s, 9H, SiMej); '^C NMR 5 1 26.7, 
J24.9, 1 12.3 (Gt). 72.3 (bridgehead), 68.8 (bridgehead), 
53.3 (OMe), 51.7 (OMe), 39.4, 37.1, -1.5 (30, Me); JR (KBr) 2900, 
1560, 1440,1240,1140 cm''. 
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Minor isomer 4ei; (data from the mixture); 'H NMR 8 3.53 (s, 3H, 
MeO^OMe OMe), 3.50 (s, 3H, OMe, merged with OMe of major 
isomer), 2.16 (dd, IH, J= 11.4, 6.8 HzC(3)Hexo), 1-83 
(dd, 1 H, J = 1 1 .4, 1 0.1 Hz, C(3)He„do), 1 -23 (dd, 1 H, 
4.„exo.n,inor" J= 11.1, 6.8 Hz, C(3)He„do), 0.12 (S, 9H, SiMcj); '^C 
NMR 5 129.7, 124.3, 110.0, 77.3 (bridgehead), 69.7 (bridgehead), 53.4 
(OMe), 51.2 (OMe), 41.1, 39.4, 31.2, -1.2 (3C, Me). 



Br Br 


DichIoro-dimethoxy-trimethylsilanyI-bicycIo[2.2.1]heptane-2,3- 
dione le; Yield: 82%, yellow solid (hexane); mp 67-69 ° C;'H NMR 5 
3.73 (s, 3H, OMe), 3.55 (s, 3H, OMe), 2.67 (dd, IH, 7/ = = 13.3 Hz 

C(5)H„o), 2.19 (dd, IH, J= 13.6, 5.9 Hz, C(6)Hexo), 


McO ^ . OMc 



1.90 (dd, IH, 13.0, 5.9 Hz, C(6)He„do), 0.00 (s, 9H, 
SiMeO; ’’C NMR 5 189.2 (-0=0), 189.1 (-0=0), 102.5 
(O7), 78.9 (bridgehead), 75.6 (bridgehead), 52.6 (OMe), 51.9 (OMe), 
33.3, 30.5, -2.5 (30, Me); IR (KBr) 2900, 1740, 1420 cm*'; Anal, calcd. 
for 0,2H,80l204Si: 0 44.31, H 5.58; Found: O 44.33, H 5.55. 


Dibromo-dimethoxy-trimethyIsilanyl-bicyclo[2.2.1]heptane-2^- 
dione 2e: Yield: 78%, yellow solid (hexane); mp 68-70 °0;'H NMR 5 
3.77 (s, 3H, OMe), 3.58 (s, 3H, OMe), 2.73 (dd, 1 H, y, = 


OMe 



J 2 = 13.4 Hz 0(5)Hexo), 2.25 (dd, IH, J= 13.4, 6.0 Hz, 
ms C(6)FU), 1.96 (dd, IH, J = 12.8, 6.0 Hz, 0(6)He™io), 
0.00 (s, 9H, SiMes); '^0 NMR 5 188.6 (-0=0), 188.3 (-0=0), 102.8 
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(C 7 ), 71.0 (bridgehead), 67.5 (bridgehead), 52,9 (OMe), 51.0 (OMe), 
35.6, 32.2, - 2.2 (3C, Me); IR (KBr) 2850, 1750, 1420, 1400 cm ’; Anal, 
calcd. for Ci 2 H|gBr 204 Si: C 34.80, H 4.38; Found: C 34.83, H 4.40. 


l,3-Dichloro-2,2-dimethoxy-4-trimethylsaaByl-cyciopentane-l,3- 
dicarboxylic acid dimethyl ester 79: Yield: 80%; colorless solid, mp 
^OMe 61.63 °C; 'H NMR 5 3.73 (s, 3H, OMe), 3.67 (s, 3H, 
^co Me OMe), 3.63 (s, 3H, OMe), 3.16 (s, 3H, OMe), 2.84 


Cl 

MeO.C 



^5 (dd, 1 H, J/ = J 2 = 14.5 Hz, C 5 Hp), 2.19 (dd, 1 H, J = 1 5.0, 
5.7 Hz, C 4 Hp), 1.96 (dd, IH, J = 15.0, 5.7 Hz, Cj H^X 0.03 (9H, 
SiMej); '^C NMR 5 169.6 (-0-0=0), 168.5 (-00=0), 1 12.3 (C 2 ), 80.0. 


76.7, 54.1, 53.3, 52.9, 51.9, 39.2, -1.3 (O 4 ) ; IR (KBr) 2900, 1720 (br), 
1430 cm-'; Anal, calcd. for 0 , 4 H 240 l 206 Si: 0 43.41, H 6.25; Found: C 


43.43, H 6.29. 


1 ,3-Bis-hydroxymethyl-2,2-dimethoxy-4-phenyl-cyclopentanol 81 : 
Yield: 89%; colorless solid; mp 83-84 “0; H NMR 6 7.32-7.19 (m, 5H, 

MeO OMe 

^ aromatic), 4.39 (br, s, 1 H, OH, exchangeable), 

1H, J = 1 1.5 Hz), 3.73 (% ABq, 
lH,/= 11.5 Hz), 3.54 (m,2HX 3.45 (s, 3H, OMe), 3.33 (s, 
3H, OMe), 3.33-3.25 (m, IH), 3.05 (br, s, 1 H, OH, DjO exchangeable), 
2.52-2.46 (m, 2 H), 2.24 (dd, 1 H, J, = = 13.3 Hz); '^0 NMR 5 139.9, 


128.3, 128.0, 126.4, 1 1 1.5 (O 2 ), 81.4 (00. 67.0 (CHj), 59.2 (GHz), 50.4 
(OH), 49.2 (OHjX 49.0 (OH 3 ), 41.6 (OH 2 ), 40.9 (OH); IR (KBr) 3200, 
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2900, 1600, 1580, 1440 cm*'; Anal, calcd. for C 15 H 22 O 5 : C 63.81, H 
7.85; Found: C 63.83, H 7.88. 


3-HydroxymethyI-2,2-diinethoxy-4-phenyI-cydopentanone 82: 
Yield: 93%; colorless solid; mp 112 °C; H NMR 5 7.38-7.14 (m, 5H, 
MeO OMe aromatic), 3.83 (ddd, IH, J = 10.7, 9.2, 7.1 Hz, 
benzylic hydrogen), 3.62 (dd, IH, J= 12.2, 3.1 Hz), 


HO 




Ph 


3.50 (s, 3H, OMe), 3.36 (dd, IH, J= 12.2, 3.4 Hz), 3.33 
(s, 3H, OMe), 2.93 (dd, IH, 19.3, 1 1.5 Hz), 2.59 (dd, IH, /= 19.3, 
9.2 Hz), 2.54-2.52 (m, IH), 1.93 (t, IH, J = 5.9 Hz, OH, D 2 O 
exchangeable); '^C NMR 5 208.5 (-0=0), 139.1, 128.6, 127.9, 126.9, 


103.2, 58.7, 51.0, 50.3, 48.9, 39.1, 38.4; IR (KBr) 3500, 2900, 1760, 
1600, 1500, 1450, 1400, 1300, 1220 cm‘‘; Anal, calcd. for CnHigO^ C 
67.18, H 7.25; Found: C 67.21, H 7.27. 


l,2,3,4-Tetrabromo-5-ethoxy-7,7-dimethoxy-bicyclo[2.2.1Jhept-2- 
ene 2 b: Yield: 86 %, colorless solid; mp 58-60 °C; 'H NMR 5 4.32 (dd. 


McO^^OMc 1 H, J= 7.6, 2.3 Hz, C(5)Hexo), 3.77-3.71 (m, 1 H, CH 2 ), 
■S' 3.60 (s, 3H, OMe), 3.56-3.52 (m, IH, CHj), 2.62 (dd, 
-H IH, , y = 12.2, 7.6 Hz, C(6)H«o), 1-76 (dd, lH,/ = 
12.2, 2.3 Hz, C(6)H^), 1.15 (t, 3H, ,7= 7.0 Hz, Me); 
'^C NMR 6 126.lv 123.6, 111-6, 85.2, 72.3, 67.8, 66,7, 53.0 (OMe), 
52.0 (OMe), 45;5, 15.0 (Me); IR (KBr): 2850, 1560, 1440, 1340 cm '. 




198 


Experimentai Section 


4-Ethoxy-M-bis-hydroxynaethyl-2;2Hdlimethoxy-cyclopentsinol 83: 
Yield; 85%; colorless viscous liquid; 'H NMR 5 4.30 (br, s, IH, OH, 
DzO exchangeable), 3.98 (ddd, 1 H, 7/ » * 5.8, Jj « 3.3H2), 3.90-3.82 

(m, 2H), 3.77 ('/a ABq, IH, 7 = 11.6 Hz), 3.65 (% ABq, !H,7 = 11.6 
Hz), 3.66-3.59 (m, IH), 3.47-3.36 (m, 1 H, buried under OMe), 3.40 (s, 
3H, OMe), 3.25 (s, 3H, OMe), 2.79 (br, s, IH, 
OH, D 2 O exchangeable), 2.58 (br, s, IH, OH, 
D 2 O exchangeable), 2.45 (q, IH, 7 = 6.2 Hz), 
2.20 (dd, 1H,7= 14.6, 5.4 Hz), 1.95 (dd, 1H,7« 14.6, 3.2 Hz), 1.20 (t, 
3H, , 7 = 7.1 Hz, Me); '^C NMR 5 1 10.0 (C 2 ), 82.9 (C,), 78.1, 66.3, 
65.1, 59.6, 51.5, 50.6, 48.9, 39.9, 15.3 (Me); IR (neat) 3250, 2800, 
1700, 1600, 1250, 1020, 940 cm’'; Anal, calcd. for CnHajOs: C 52.79, 
H 8.86; Found: C 52.81, H 8.89. 

Synthesis of 2-hydoxymethyl 4-dcoxy pentenomycin derivative; A 
solution of trio! 83 (200 mg, 0.80 mmol) in anhydrous acetone 5 ml was 
stirred at ro<wn temperature with amberlyst-15 (SO-lOOitig) and few 
pieces of molecular sieves for 7 h. The resin was filtered off, solvent 
was removed and the residue was piuified by column chromatography 
using silica gel (50-60% EtOAc-Hexane) to furnish 110.6 mg of 48 
(70%). 

2-hydo]tymetihyl 4-deoxy pentenomycin dmivative 48; Yield* 70%; 
cdorless viscous liquid; ‘H NMRS 7.53-7,50 (m, IH, C(8) olefmic H), 
4.35 (s, 2H), 4.03 (H ABq, IH. 7= 8.5 Hz), 3.95 (!4 ABq, IH, 7- 8.5 



O 

EtO 
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Hz), 2.86-2.84 (m, 2H), 2.54 (br s, IH, OH, D 2 O exchangeable), 1.53 

(s, 3H, Me), 1.47 (s, 3H, Me); '^C NMR 
8 205.2 (-0=0), 156.1 (Cg), 143.5 (C7), 
V' 112.0 (C2), 83.1 (Cs), 73.3, 57.5, 41.4, 
' 26.8 (Me), 25.8 (Me); IR (neat) 3300, 

2900, 1700, 1610, 1360 cm*'; Anal, calcd. for CioH, 404 : C 60.59, H 
7.12; Found; C 60.63, H 7.14. 



3-ChIoro-4-ethoxy-l,3-bis-hydroxymethyl-2^-dimethoxy- 
cyclopentanol 84: Yield: 71%; colorless viscous liquid; *H NMR 5 
Meo ,OMc 4.21 (dd, 1 H, J= 12.7, 7.2 Hz, (in D 2 O exchange, d, J 
- 12.7 Hz, J= 7.2 Hz is not seen), 4.02 (s, IH, 

Cl \ / OH 

OH, D 2 O exchangeable), 3.98 (dd, 1 H, 7 = 4.6, 2.7 Hz, 
C(4)Hp), 3.75-3.48 (m, 3H), 3.49 (s, 3H, OMe), 3.46 (s, 3H, OMe), 
2.71 (br s, IH, OH, D 2 O exchangeable), 2.59 (dd, IH, 7= 14.6, 4.6 Hz, 
C(5)H3), 2.54 (br, s, 1 H, OH, D 2 O exchangeable, merged with C(5)Hp), 
1 .81 (dd, 1 H, 2.45, 7= 14.6, 4.6 Hz, C(5)Ha), 1 .22 (t, 3H, , 7= 7.1 Hz, 
Me); '^C NMR 8 110.2 (C 2 ), 84.9, 84.5, 84.1, 66.5, 66.4, 63.7, 52.7, 
51.9, 38.0, 15.4 (Me); IR (neat) 3250, 2900, 1440 cm’*; Anal, calcd. for 
CiiHziClOg: C 46.40, H 7.43; Found; C 46.44, H 7.46. 


l,4,5,6-TetrabrMBO-7,7-dimethoxy-bicyclo[2.2.1]hept-5-ene-2y3-dioI 
4o; Yield; 78%; colortess solid, mp 126-128 ®C; 'H NMR 8 4.92 (s, 
2H), 3.62 (s, 3H, OMe), 3.60 (s, 3H, OMe), 1.43 (s, 3H, Me), 1.32 (s. 
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3H, Me); ''C NMR 8 124.3 (2C), 110.4, 77.3 (2C, Q. C,), 72.9 
(bridgehead), 53.1 (OMe), 51.8 (OMe); IR (KBr) 3300, 2900, 1560, 
1440 cm"'. 


l,7,8,9-Tetrabroino-10,10-dimetho3gr-4,4^imethyI-3,5-dioxa- 
tricyclo[5Jt.l.0^’*ldec-8-ene 4p: Yield: 87%; colorless solid, mp 126- 
128 “C; 'H NMR 5 4.92 (s, 2H), 3.62 (s, 3H, OMe), 3.60 {?, 3H, OMe), 
1.43 (s, 3H, Me), 1.32 (s, 3H, Me); "C NMR 5 124.5 (2C), 1 15.4 (2C), 
^Me 0 .^ 0 Me j ^2C), 70.3 (2C, bridgehead), 52.9 (OMe), 52.8 
(OMe), 25.5 (2C, Me); IR (KBr) 2900, 1560, 1430, 
1 ? 1380 cm''. 


l,7-Dibromo-10,10-dimethoxy-4,4-dimethyI“3,5-dioxa- 
tricyclol5.2.1.0^’*ldecane-8,9“dione 2p: Yield: 95%; yellow solid 
McOyOMc (dichloro methane/hexanc), mp 138-140 ®C; ‘H NMR 5 
5.06 (s, 2H), 3.76 (s, 3H, OMe), 3.59 (s, 3H, OMe), 1 .3 1 
o^b/J^o (s, 6H, Me); '^C NMR 6 183.7 (-CO, 2C), 115.3, 
115.3, 105.0, 69.7 (2C, bridgehead), 52.7 (OMe), 52.4 

(OMe), 25.3 (Me), 23.9 (Me); IR (KBr) 2900, 1760, 1440, 1370 cm''; 
Anal, calcd. for C,2H,4Br206: C 34.81, H 3.41; Found: C 34.79, H 3.43. 


l-Bromo-10,10-diraethoxy-4,4-dimetbyI-9-oxo-3,53-trioxa- 
toi<grcio(524.0^‘ldecaiie-7-carboxyIlc acid metbiyl eater 52p! Yield: 
97%; colorless solid, mp 150-152 ®C; 'H NMR 5 5.34 (d, IH, 7.4 
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Hz), 4.9 1 (d, 1 H, y = 7,4 Hz), 3.90 (s, 3H, CO,Me). 3.64 (s, 3H, OMe), 
M'OyOMe 3 4j (s, 3H, OMe), 1.49 (s, 3H, Me), 1.36 (s, 3H, 
Me); '^CNMR S 164.6 (-0-0=0), 116.3, 111.1 (C,o), 
o^bT] jP 83 .9 (bridgehead, C7), 8 1 .7, 8 1 .0, 66.9 (bridgehead, 
C,), 51.5 (OMe), 52.0 (OMe), 25.6 (Me), 25.4 (Me); IR 

(KBr) 2900, 1780, 1720, 1430, 1360 cm’’; Anal, calcd. for CoHnErOg: 
C 40.96, H 4.50; Found: C 40.99, H 4.53. 


10,10-Dimethoxy-4,4-dimethyl-9-oxo-3,5,8-trioxa- 
tricyclo[5.2.1.0^’*]decane-7-carboxylic acid methyl ester 55p: Yield: 
84%; mp 130-132 °C; 'H NMR 5 5.30 (d, lH,y=7.1 Hz), 4.86(d, IH, 


J= 6.8, 4.6 Hz), 3.89 (s, 3H, COzMe), 3.45 (d, IH, 
y = 4.4 Hz), 3.37 (s, 3H, OMe), 3.30 (s, 3H, OMe), 
1.49 (s, 3H, Me), 1.35 (s, 3H, Me); '^C NMR 5 
167.6 (-0-0=0), 165.6, 115.6, 113.3, 85.8 

(bridgehead, O7), 81.8, 74.5, 55.2 (bridgehead, O,), 
53.2, 51.8 (OMe), 51.1 (OMe), 25.6 (Me), 25.2 (Me); IR (KBr) 2900, 
1800, 1730, 1430, 1370 cm*'; Anal, calcd. for OnHigOg: 0 51.66, H 
6.00; Found: 0 51.68, H 6.03. 
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4,6-Bis-hydroxymethyl-5^imethoxy-2>dimelhyl-tetrahydro- 
cyclopenta-l^-dioxol-4-ol 88: Yield: 80 %; colourless viscous liquid; 
MeO oMe 'H NMR 5 4.67 (t, IH,J=7.I H2),4.60(d, IH, 

Hz), 3.96 (d '/a ABq, J = 1 1 .3, 7.7 Hz), 
3.91 (d ABq, J = 1 1 .3, 6.2 Hz), 3.79 ('A ABq, 
IH, 7 = 11.7 Hz), 3.71-3.68 (m, IH, OH, DjO 
exchangeable), 3.68 (1/2 ABq, IH, /= 1 1.7 Hz, 
merged with OH, J was calculated from D 2 O spectra), 3.40 (s, 3H, 
OMe), 3.27 (s, 3H, OMe), 2.55 (ddd, IH, J/ * J/ = 10.4 Hz, Ji = 6.9 
Hz), 1.69 (m, IH, OH, D 2 O exchangeable), 1.54 (s, 3H, Me), 1.37 (s, 
3H, Me); ’’C NMR 5 112.3, 109.4, 80.1, 79.6, 65.1, 62.8, 59.9, 50.9, 
49.0, 48.1, 25.6 (Me), 24.5 (Me); IR (neat) 3200, 2950, 1400 cm''; 
Anal, calcd. forC, 2 H 2207 : C 51.79, H 7.97; Found: C 51.82, H 7.80. 

Synthesis of hydoxymethyl pentenomycin derivatives: A solution of 
triol 88 (20 rng, 0.072 mmol) in anhydrous acetone 2 ml was stirred at 
room temperature with amberlyst-15 (5-7mg) and few pieces of 
molecular sieves for 7 h. The resin was filtered off, solvent was 
removed and the residue was purified by column chromatography using 
silica gel to furnish 72:28 mixture of pentenomycin derivatives 49 and 
89 in 49% (7.6 mg) of yield. 

l-hydroxymethyl-pentenomycia derivative 49: obtained as colorless 
viscous liquid, 'H NMR 8 7.50-7.49 (m, 2H), 4.554.52 (m, IH), 4.43- 
4.42 (m, 2H), 4.22 (1/2 ABq, ./* 8.8 Hz), 4.07 (1/2 ABq, J* 9.0 Hz), 
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2.85 (d, y = 6.6 Hz, IH, OH, D 2 O exchangeable), 1 .56 (s, 6H, Me); '^C 

NMR 5 202.2, 156.4,146.0, 113.0, 82.4, 
72.5, 71.0, 57.5, 26.5, 25.4; IR (neat) 
3200, 2950, 1700, 1610, 1400 cm"'; Anal, 
calcd. for CioHuOj: C 56.07, H 6.59; 


Found: C 56.1 1,H 6.62. 

2-hydroxymethyl-pentenomycin derivative 89: colorless viscous 
liquid; 'H NMR 5 7.52 (m, IH), 5.21 (s, IH), 4.41 (s, 2H), 3.90-3.86 




Preparation of Diels-AIder aduncts: The reaction condition of new 
Diels-Alder adducts reported in Chapter- 1 A are summarized in the 
Table-1 A. 1. The reaction of more reactive i.e., the electron deficient 
dienophiles were carried out by refluxing diene and a slight excess of 
dienophile in benzene or under neat condition as specified in Table- 
1 A.l . The remaining were carried out in sealed tubes using benzene as 
solvent. 
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Chapter IB 

A Novel Radical Approach to Unusual Spiro-Lactams 

General Procedure for Intermolecular Bridgehead C-C bond 
Formation: To a mixture of bromo lactone (1 mmol), alkene (10 
mmol) and AIBN (0.025 mmol) in benzene (10 ml) at reflux 
temperature was added a solution of BusSnH (1.5 mmol) and AIBN 
(0.025 mmol) in benzene (24 ml) over a period of 45 min. and refluxed 
for the specified time (Scheme 4). After completion of the reaction, as 
monitored by tic benzene was distilled off under reduced pressure and 
the crude mixture was directly purified on a silica gel column. First 85 
ml fractions were collected with hexane as eluent to remove tin 
impurities and later on polarity of the eluent (ethyl acetate-hexane) was 
increased to get the pure products. 

Photochemical conditions: A solution of bromo lactone (0.5 mmol) 
and alkene (5 mmol) in benzene (5 ml) was irradiated at room 
temperature with a 200W bulb kept at a distance of 2.5 cm from the 
reaction flask. A solution of BusSnH (0.75 mmol) in benzene (12 ml) 
was added over a period of 1 h. After the specified time (completion of 
the starting material as monitored by tic), benzene was removed under 
reduced pressure and the crude mixture was directly purified on a silica 
gel column. 
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4-(2-Cyaiio>ethyl>-7,7>dimethoxy-3-oxo>S-pheByl«2>oxfli> 
bicyclo{2.2.1Iheptane-l-€arboxyiic add methyl ester lOa: Yield; 
75%; colorless solid (EtOAc^exane), mp 102-104 “C; 'H NMR 5 7.35- 
7.28 (m, 3H, aromatic), 7.16-7.1 1 (m, 2H, aromatic), 3.89 (s, 3H, 
MeO . , C^c c 02 M£), 3.63 (s, 3H, OMe), 3.48 (dd, 1 H, J =* 10.5, 

'LUjivie ’ 

5.4 Hz, s), 3.36 (STOH. OMe), 3.14 (dd, !H, .^13.9, 
^ 10.5 Hz), 2.81-2.72 (m, IH), 2.48-2.40 (m, !H), 2.24 

NC (dd, 1 H, >-1 3.9, 5.4 Hz), 2. 1 3-2.05 (m, 1 H), 1 .96- 1 .88 (m, 
IH), '^C NMR5 171.1 (0-C“0), 166.7 (0^-0), 136.6, 128.9, 128.4, 
128.3, 119.8 (CN), 112.9, 85.4, 62.7, 53.1 (OMe), 51.6 (OMe), 51.5 
(OMe), 45.4, 39.2, 24.3, 12.4; IR (KBr): 2900, 2200, 1770, 1730, 1430 
cm-'; Anal, calcd. for C^HnNOe: C 63.50, H 5.89, N 3.90; Found: C 
63.54, H 5.90, N 3.92. 



4-(2-CyaBO-ethyl)-5-etlioxy-7,7-dlMethoxy^xo-2-oxt- 

bicydo(2JZ.lJheptaBe-l-carl>oxyUc add methyl ester II2b: Yield: 
72%; colm-less solid (EtOAc/hexane), mp 102-104 *C; 'H NMR 5 4.14 


CO.Mc 



(dd, IH, J-8.0, 2.0 Hz). 3.85 (s, 3H. C O^MeY 3.56- 


3.49 (m, IH, mei^ged with OMe, -O-CHj), 3.49 (s, 
3H, OMeX 3.41 (dq, IH, J- 8.9, 7.0 Hz, -O-CH 2 ), 
NC 3.31 (s, 3H, OMe), 2.94-2.79 (m, 3H), 2.33-3.28 (m, 
2H), 1.90 (dd, IH, >13.4, 2.4 Hz), 1.16 (t, 3H, > 7.0 Hz, Me), '^C 
NMR 5 170.3 (O-CK)), 166.6 (O-CO), 120.3 (CN). 1 11.4, 85.6, 76.7, 
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65.2, 61.6, 53.1 (OMe), 51.6 (OMe), 51.5 (OMe), 38.7, 23.1, 15.0 
(Me), 12.6; IR (KBr): 2900, 1780, 1730, 1430 cm '; Anal, calcd. for 
CijHziNO?: C 55.04, H 6.47, N 4.28; Found: C 56.01, H 6.49,N4.30. 


4-(2-Cyano-ethyI)-7,7-dimethoxy-5-methyl-3-oxo-5-phenyI-2-oxa- 
bicyclo[2.2.1]heptane-l-carboxylic acid methyl ester 113: Yield: 
33%, colorless solid (dichloromethane/hexane); mp 54-56 °C; 'H NMR 
MeO ^ , OMe 5 7.37-7.26 (m, 5H, aromatic), 3.89 (s, 3H, OMe), 3.60 
-co,Me (s, 3H, OMe), 3.32 (s, 3H, OMe), 2.96 (d, IH, J = 



14.1 Hz, C( 6 )Hexo), 2.80 (d, IH, J = 14.3 Hz, 
C( 6 )He„do), 2.81-2.72 (m, IH), 2.66-2.58 (m, IH), 2.29- 
2.21 (m, IH), 2.14-2.06 (m, IH), 1.79 (s, 3H, Me); '^C NMR 5 171.2 (- 
0-C=0), 166.8 (-0-0=0), 141.8, 128.5, 127.7, 127.1, 120.2 (ON), 
113.0, 85.3, 65.0, 53.1 (OMe), 51.5 (OMe), 51.1 (OMe), 45.2, 44.9, 
22.9, 21.3, 12.6; IR (KBr): 2900, 2200, 1780, 1720, 1600, 1430, 1280, 
1260 cm''; Anal, calcd. for C 20 H 23 NO 6 : C 64.33, H 6.21, N 3.75; 
Found: C 64.35, H 6.23, N 3.73. 


MeO 


7,7-Dimethoxy-5-methyl-3-oxo-5-phenyl-2-oxa- 
bicyclo(2.2.1]heptane-l-carboxylic acid methyl ester 114: Yield: 

OMe colorless solid (dichloromethane/hexane); mp 

-CO, Me 104-106 ° C; 'H NMR 5 7.33-7.17 (m, 5H, aromatic), 
.Me 3.86 (s, 3H, OMe), 3.46 (s, 3H, OMe), 3.34 (s, 3H, 
^ OMe), 3.25 (s, IH), 2.95 (d, IH, J= 13.7 Hz, C( 6 )Hexo). 
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2.83 (d, IH, J * 13.7 Hz, C(6)H«rf„), 1.64 (s, 3H, Me); "C NMR 5 
170.3 (-0-C»0), 167.0 (-OC-O), 145.S, 128.6. 126.7, 126.1, 111.6, 
87.4 (C,), 58.3 C4), 53.0 OMe), 52.0 (OMe), 51.1 (C^), 44.0 (Q), 43.9 
(Cs), 31.0 (Me); IR (KBr); 2850, 1790, 1720, 1580, 1420cm-'; Anal, 
calcd. for CijH, A: C 63.94, H 6.00; Found: C 63.92, H 6.02. 

LiAIHU reduction of nitriles 112: To a suspension of LiAIH 4 (2 mmol) 
in dry THF (5 ml) cooled in an Ice bath, the nitrile 112 (1 mmol) in 
THF was added under argon. The reaction mixture was stirred for 30 
min at room temperature till the starting material was fully consumed, 
as monitored by tic. The reaction mixture was quenched with EtOAC. 
Saturated NH 4 Ci solution was added drop by drop till a white 
precipitate was obtained. The reaction mixture was filtered and washed 
thoroughly with EtOAc. Concentration of the combined organic filtrate 
followed by purification of the crude by silica gel column 
chromatography afforded the pure spiro lactams 105a, b. 

2-Hydroxy-2-hydroxymethyl>l,l-dimethoxy-4-pbenyi>7>aza- 
spiro[4.5]decan-6-one 105a; Yield: 63%; colorless crystals (EdDAC); 

mp 156-158 'H NMR 5 7.33-7.22 (m, 5H, 
aromaticX 6.69 (s, IH, OH, D 2 O exchangeable), 
6.06 (br s, IH, NH, D 2 O exchang^Mible), 3.85 (dd, 
IH, / » lia, 5.8 HzX 3.69 (dd, IH, J» 1 1.2, 7.1 HzX 3.60 (s, 

^ 3H, OMeX 3.15-3.13 (m, IHX 2.95 (dd, IH, J- 

12.9, 9.0 Hz), 2.85-2.82 (m, 2HX 2.69 (dd, IH, 14,2, 9.0 Hz), 2.47 
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(t, IH, y = 13.5 Hz), 2.10-2.05 (m, IH), 1.78-1.67 (m, IH), 1.29-1.24 
(m, IH); '^C NMR 5 174.7, 139.9, 129.2, 128.3, 127.1, 113.0, 82.5, 
67.7, 62.8, 52.9, 52.3, 52.2, 44.8, 42.5, 28.6, 19.2; IR (KBr): 3200, 
2900, 1590, 1440 cm''; Anal, calcd. for C,8H25N05: C 64.46, H 7.51, N 
4.1 8; Found: C 64.43, H 7.50, N 4.19. 

4-Ethoxy-2-hydroxy-2-IiydroxymetliyI-l,l-dimethoxy-7-aza- 
spiro[4.5]decan-6-one 105b: Yield: 61%; colorless solid; mp 98-100 
°C, 'H NMR 5 'H NMR 5 6.96 (s, IH, OH, DjO exchangeable), 6.10 

O MeO OMe 

J| V (br s, IH, NH, DjO exchangeable), 3.76-3.73 (m, 

JC-Toh 3.60-3.59 (m, 2H), 3.51 (s, 3H, OMe), 3.50 (s, 
6Et 3H, OMe), 3.37 (dq, IH, J= 9.3, 7.0 Hz, -O-CH 2 ), 3.35- 
3.31 (m, 2H), 2.79 (m, 2H), 2.08-1.98 (m, 3H), 1.93-1.87 (m, 2H), 1.15 
(t, 3H,y= 7.0 Hz, Me); ’’C NMR 5 173.4, 1 1 1.0, 83.8, 81.8, 67.6, 65.1, 
61.6, 52.8, 52.1, 42.9, 42.6, 29.0, 18.9, 15.4; IR (KBr): 3300, 2900, 
1610, 1730, 1430 cm-'; Anal, calcd. for CuHzsNO*: C 55.43, H 8.31, N 
4.62; Found: C 55.12, H 8.23, N 4.57. 


l-(2-Cyano-ethyl)-l 1,1 l-dimetlioxy-lO-oxo-9-oxa- 
tricyclo[6.2.1.0^’lundecane-8-carboxylic acid methyl ester 112j: 
MeO OMe Yield: 72%; colorless solid (EtOAc); mp 142-144 °C, 
,co,Me 'H NMR 5 3.83 (s, 3H, CO^MeV 3.54 (s, 3H, OMe), 
3.30 (s, 3H, OMe), 2.97-2.91 (m, IH). 2.86-2.78 (m, 
IH), 2.75-2.67 (m, IH), 2.31-2.23 (m, 2H), 2.08-2.00 
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(m, !H), 1.72 (m, !H), 1.4S-I.29(m,6H), 1.08-0.98 (m, IH); '’CNMR 
5 172.3 (O-C- 0 ), 166.7 (0-CK)), 1 19.8 (CN), 1 12.2, 88.0, 61.2, 52.8, 
51.4, S1.3, 42.0, 38.7, 24.2, 19.2, 18.4, 18.1, 16.1, 12.8; !R (KBr): 
2900, 1770, 1720, 1440, 1310 cm '; Anal, calcd. for Ci 7 H 2 jN 06 : C 
60.52, H 6.87, N 4. 1 5; Found: C 60.49, H 6.89, N 4. 1 7. 

n,ll-Diniathoxy- 10 -oxo- 9 -oxa-tricyclo( 6 . 2 . 1 . 0 ^^]aQdecaRe- 8 - 

carboxylic acid methyl ester 116: Yield: 23%; colorless solid 
(dichlorometfiane/hexane); mp 120-122 ®C, 'H NMR 5 

iL^CO-Mc 

3.84 (s, 3H, CO 2 M 6 ). 3.39 (s, 3H. OMe), 3.29 (s, 
3H, OMe), 2.96-2.90 (m, 2H); 2.48-2.40 (m, IH), 
1.75-1.68 (m, 2H), 1.54-1.32 (m, 5H), 1.25-1.16 (m, IH); *^C NMR 5 
171.5 (O-CO), 167.0 (O-C-0), 111 . 1 , 89.3, 54.3, 52.8, 51.5, 51.3, 
42.6, 32.9, 21.2, 18.8, 18.4, 16.3; IR (KBr): 2900, 1770, 1720, 1440 
cm‘‘; Anal, calcd. for ChH^O*: C 59.14, H 7.09; Found: C 59.17, H 
7.11. 


Tricyclic lactom 117: Yield: 15%; obtained as viscous liquid, 'H NMR 
5 H NMR 5 7.54 (s, 1 H, OH, DjO exchangeable), 6.26 (br s, 1 H, NH, 
D 2 O exchangeable), 3.73 (d, IH, 11.5 Hz), 3.64 (d, IH, 1 1.5 



Hz), 3.54 (s, 3H, OMe), 3.47 (s, 3H, OMe), 
3.31-3.29 (m, 2H), 2.28 (ddd, IH, J/ - - 

10.9 Ife, Jj - 5.8 Hz), 2.07-2.02 (m. IH), 1.96- 
1.81 (m,3H), 1.81-1.52 (ro,6H), 1.37-1.31 (m. 



Chapter IB 


2!1 


3H); '-’C NMR 6 174.9, 1 12.8, 83.9, 65.7, 61.0, 53.0, 51.4, 48.1, 42.8, 
41.8, 31.7, 23.4, 21.1, 19.8, 19.4, 19.1; IR (neat): 3300, 2900, 1600, 
1430 cm-'; Anal. Calc, for CisHitNOs: C 61 .32, H 8.68, N 4.47; Found: 
C 61.35, H 8.70, N 4.50. 

3-(l-Hydroxymethyl-7,7-dimethoxy-3-oxo-5-phenyl-2-oxa- 
bicyclo{2.2.1]hept-4-yl)-propionitrile 118: A solution of the nitrile 
112a (0.5 mmol) in THF (4 ml) was cooled to 0 °C and NaBH 4 (0.75 
mmol) was added to it. The reaction mixture was stirred for 16 h at rt 
till the starting material was fully consumed, as monitored by tic. THF 
was removed at room temperature under reduced pressure and the 
residue diluted with water. The aqueous layer was extracted with ethyl 
acetate (3x5 ml) and the combined organic layer was washed with brine 
and dried over anhydrous Na 2 S 04 . Concentration followed by 
purification of the crude by silica gel column chromatography afforded 
the pure alcohol. 

McO OMe Yield: 84%; colorless solid; mp 130-132 °C, 'H NMR 5 
o . A<;CH,oh 7 27.7.05 (m, 5H, aromatic), 4.08 (1/2 of ABq, 1 H, J 
o^\| " ’2.7, 5.5 Hz), 3.93 (1/2 of ABq, 1 H, J= 12.7, 6.4 Hz), 

Nc^ 3.51 (s, 3H, OMe), 3.35 (s, 3H, OMe), 3.29 (dd, IH, 7 = 

10.5, 5.4 Hz, benzylic H), 2.75-2.67 (m, IH), 2.61 (dd, 1H,7= 13.9, 
10.5 Hz), 2.42-2.33 (m, IH), 2.24 (br s, IH, OH, D 2 O exchangeable), 
2.10 (dd, IH, 7= 14.2, 5.4 Hz), 2.03-1.95 (m, IH), 1.86 (dd, IH, 
7=10.7, 5.7 Hz); '^C NMR 5 173.0 (O-CO), 137.4, 128.7, 128.4, 
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128 . 0 , 120.1 (CN), m.5, 90.5, 61.7, 59.8 (CH,), 51.9 (CH,), 51.4 
(CHj).44.5 (CH), 36.7 (CHi), 24.4 (CHj), 12.4 (CHj); IR (KBr): 3300, 
2900, 1760, 1440 cm '; Anal, calcd. for CuHi.NOs; C 65.24, H 6.39, N 
4.23; Found: C 65.1 7, H 6.35, N 4.25. 


2-Hydro3cy-2-hydroxyiBethyl-4-pheByl-7-aMi-spiro[4.5ldecjiae-l,6- 
dione 119; Yield: 93%; colorless solid; mp 120-121 "C, 'H NMR 8 
2-7.24 (m, 5H, aromatic), 4.314.29 (m, IH), 3.78 
(1/2 of AB<i, 1 H, J * 1 1 .2, 6.2 Hz), 3.67 (1/2 of 
ABq, laJ* 10.8,4.8 Hz), 3.18 (dd, lH,y= 13.0, 
7.0 Hz), 3.14-3.08 (m, IH), 2.83 (dd, IH, J,«13.3 Hz), 2.79-2.70 
(m, IH), 2.61 (dd, 1H,>12.8, 7.6 Hz), 2.25-2.17 (m, IH), 1.80-1.70 
(m, IH), 1.55-1.45 (m, IH); '-'C NMR S 217.0 (-C-0), 170.2 (-N-G-0), 



138.8, 128.5, 128.1, 127.0,79.4, 65.2, 59.4,51.0,41.4, 39.9,29.8, 18.9; 
IR (KBr): 2900, 1750, 1620, 1300 cm '; Anal, calcd. for C, 6 H„N 04 : C 
66.42, H 6.62, N 4.84; Found: C 66.38, H 6.52, N 4.54. 
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Chapter 1C 

A Short Synthetic Route to y- and 5-Cyciopentannuiated Lactone 


General procedure for the Grignard reaction of tetrahaioesters 
3,4f; Preparation of 123a, b: An ether solution of methylmagnesium 
iodide was prepared from Mg turnings (412mg, 17.16 mmol), a crystal 
of I 2 and Mel (1.6 ml, 25.74 mmol) in 15 ml of dry ether as pwr 
standard procedures. After the metal completely dissolved the endo- 
ester derivative 3f (l.Ogm, 2.86 mmol) in 5ml of ether was added 
slowly over 10 minutes under an argon atmosphere. The reaction 
mixture was stirred for 3.5 h at room temperature (completion of 
starting material as per tic), cooled and quenched with saturated NH4CI 
solution (2 ml). The reaction mixture was extracted thrice with ethyl 
acetate. The combined organic layer was washed once with brine and 
dried over anhydrous Na 2 S 04 . The solvent was evaporated and the 
crude reaction 'mixture was purified by chromatography using silica gel 
to yield the tertiary alcohol derivative 123a. Similar reaction conditions 
were followed for 123b. 

2-(l,4,5,6-TetrachIoro-7,7-dimethoxy-bicyclol2.2.1|hept-5-eii-2-yl)- 
propan-2-ol 123a: Yield: 89%, colorless solid, mp 70-71 “C, ‘H NMR 
MeO^OMe 6 3.54 ( 5 , 3 H), 3.48 (s, 3 H), 2.58 (dd, IH, J - 9.2, 4.9 
Hz), 2.35 (dd, IH, J = 1 1 . 6 , 9.5 Hz), 2.01 (dd, IH. J - 
11.6, 4.9 Hz), 1.38 (s, 3H), 1.30 (br s, IH, OH, D 3 O 
Mt exchangeable), 1.08 (s,3H); ‘*CNMR 8 129,0, 127,9, 
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112.5, 77.9, 74.1, 71.3. 54.8, 52.8, 51.6, 38.2, 30.4, 29.5; IR (KBr) 
3400, 2900, 1590, 1420, 1240 cm '; Anal. Calcd. for CuHjsCUOj: C, 
4 1 . 1 7; H, 4.6 1 ; Found: C, 4 1 .23; H, 4.64. 


2-(l,4,5,6-Tetrabroino-7,7-diinethoxy-bicycioJ2.2.1jhept-S-en-2-yI)- 
propaD-2-ol 123b: Yield: 76%, colorless solid, mp 72-74 ”C, ‘H NMR 

(s, 3H), 2.68 (dd, IH, J « 9.2, 4.8 



Ue 125.1, 124.3, 112.7, 71.9, 71.7, 67.8, 56.0, 53.3, 51.7, 


40.2, 30.4, 30.1; IR (KBr) 3300, 2900, 1560, 1450, cm '. Anal. Calcd. 
for C, 2 H, 6 Br 403 : C, 27.30; H, 3.05; Found: C, 27.23; H, 3.09. 


1 ,7-0ichIoro-3“hyd roxy-8,8-diinethoxy>S^-dimetbyl-4-oxai- 
tricyclo|4.2.1.0^’^)nonan-2<-otte 124a: Yield: 84%, colourless solid, mp 
MeO OMe 122-124 “C, 'HNMR6 3.66 (s, 3H), 3.61 (s, 3H), 2.82 
Vjk^' (d, 1 H, J » 1 1 .0 Hz), 2.52 {t, 1 H, J - 1 2 Hz), 2. 1 8 (d, 
\ a7 IH, J = 13.1 Hz); '*C 5 198.8, 102.5, 102.2, 81.9, 76.6, 
° ifc^ 742, 52,6, 52.5, 51.4, 31.2, 29.9, 26.9; IR (KBr) 3250, 
2900, 1770, 1420, 1360 cm*'; Aiml. Calcd. for CiiHuCljOj: C, 46.32; 


H, 5.18; Found! G, 46.44; H 5.21. 




noBUi-2-piie 124b: Yield: 82%, 


colourless solid, mp 
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108-110 ®C, 'H NMR 5 3.70 (s, 3H), 3.65 (s, 3H, OMe), 2.9 (d, I H, J - 
MeO.^OMe jQ.o Hz), 2.57 (dd, IH, J - 13.0, 1 1.0 Hz), 2.24 (d, 
1 H, J = 1 2.9 Hz), 1 .67 (s, 3H), 1 .2 1 (s, 3H); '*C NMR 8 
198.9, 120.4, 102.2, 81.4, 68.8, 67.1, 54.2, 52.8, 51.5, 
32.4, Me 30.4, 27.4; IR (KBr) 3300, 2900, 1770, 1420 cm''; 
Anal. Calcd. for CnHisBraOj: C, 36.03; H, 4.03; Found: C, 36.14; H 
4.07. 



General procedure for the cleavage of a-ketohemiacetals: 

Method A: To a stirred solution of the a-keto hemiacetal (0.1 7 mmol) 
in MeOH (1 ml) and benzene (2 ml) was added Pb{OAc )4 (102 mg, 
0.23 mmol) in portions over a period of 30 min. at room temperature. 
After stirring for the required time, dil NaHCOj (2 ml) wa.s added and 
extracted with ethyl acetate. Combined organic layer was washed once 
with brine and dried over anhydrous NajSO^. Concentration followed 
by silica gel chromatography of the crude yielded the pure y-lactone- 
fused cyclopentanes. 

Method B: To a stirred solution of a-keto hemiacetal (0.35 mmol) in 
methanol (3 ml) was added 30% H 2 O 2 (0.25 ml) followed by slow 
addition of 6N NaOH solution (0.13 ml). After stirring at room 
temperature (-- 20 “C) for 1-2 h, 5% HCI (10 ml) was added and 
extracted with ethyl acetate (3x5 ml). The combined ethyl acetate layer 
was washed once with brine and dried over Na 2 S 04 , The crude 
carboxylic acid obtained after concentration of ethyl acetate layer wm 
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treated with excess diazomethane in ether:methanol ( 1 ; ! ) at 0 ”C. After 
quenching excess diazomethane with acetic acid, the solution was 
concentrated and silica gel column chromatography afforded the pure 
product in the specified yields. 


Methyl 5,6a-0ichloro-6,6-dimethoxy-l-oxo-hexahydro-cyclopenta- 
[c]furan-5-carboxylate 122a: Colorless solid; mp 118-120 °C; 'H 


o^ci 

o. 


Mto NMR 5 4.61 (t, I H, y = 9.0 Hz), 4. 14 (dd, 1 H, J = 9.3, 
Cl 3.6 Hz), 3.86 (s, 3H), 3.78 (s, 3H), 3.49 (dtd, IH, 7 = 



CO,Me 


N..- 


9.0, 9.0, 3.6 Hz), 3.32 (s, 3H), 2.82 (dd. IH, J ^ 


14.5,9.0 Hz), 2.66 (dd, IH.J* 14.5,9.0 Hz); '^CNMR5 171.1, 167.7, 
110.0, 74.0, 73.8, 70.6, 54.3, 53.5, 51.5, 46.3, 41.8; IR (KBr) 2850, 
1740 (br) , 1 180 cm'*; Anal. Calcd. for CnHuChOt: C, 42.19; H, 4.51; 
Found: C, 42.36; H,4.79. 


Methyl 5,6a-Dibromo-6,6-diinethoxy-l-oxo-hexahydro-cyclop«ota- 
[c]furan-5-carlK>xylate 122b: Colorless solid; mp 112-113 °C; 'H 
^ .OMe NMR 5 4.55 (t, 1 H, J » 9.5 HzX 4. 1 1 (dd, 1 H, J = 9.5, 
' 2.7 Hz), 3.81 (s, 3H, OMe), 3.76 (s, 3H, OMe), 3.57 

O U—/ CO,Me 

(m, 1 H), 3.30 (s, 3HX 2.79 (dd, 1 H, J = 1 4.6, 1 0.2 
Hz), 2.64 (dd, I H, J = 1 4.6, 8.8 Hz); ’*C NMR 5 171.5, 168.1, 109.2, 
69.9, 64.9, 63.4, 54.7, 53.4, 52.3, 47.5, 43.0; IR (KBr) 2900, 1760, 
1720, 1160 cm'*; Anal. C&iGd. for C,|H,4Br206: C, 32.86; H, 3.51; 
FohhifcC, 31.36; li. 3.66. 
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Methyl 3a^DichIoro-4,4-<iiniethoxy-I,Min>e*i»y*‘^*o* 

hexahydro-cyclopenta|cJfuran-5-carboxylate 125a: Yield 86%; 

colorless solid, mp 118-120 "C; 'HNMR 
5 3.79 (s, 3H, OMe), 3.71 (s, 3H, OMe), 3. 1 4 (dd. 


'^'9 OMe 
^ »C1 



cOjMe 1 H, 1 1 .6, 8.5 Hz), 2.8 1 (dd, 1 H, J* 1 4.0, 1 1 .6 
Hz), 2.23 (dd, IH, J= 14.0, 8.SHz), 1.61 (s, 3H), 
1.24 (s, 3H); ‘^C NMR 5 169.9, 167.8, 109.8, 82.9, 7S.6, 73.8, 55.6, 
54.3, 53.5, 51.5, 36.6, 30.9, 23.7; IR (KBr) 2900, 1 730 (hr), 1 160 cm '; 
Anal. Calcd. for CijH.gClzOfi: C, 45.76; H, 5.32; Found: C, 45.80; H. 
5.46. 


Methyl 3a,5-Dibromo-4,4Hdintethoxy-l ,l-dimetfayi-3-oxo- 

hexahydro-cyclopeiita{c)funtn-5-carhoxyiate 12Sb: Yield 81%; 

OMe colorless solid, mp 106-109 “C; 'H NMR 6 3.85 (s. 
3^ D- 

/ \ A IH. J - 10.0, 8.5 Hz). 

3.31 (s,3H), 2.90 (dd. 1H,J- 14.8, 11.5Hz), 2. 34 
Me (dd, 1H,J= 14.4, 8.4Hz), 1.67 (s,3H), 1.43 (s. 3H); “C NMR 
5 170.4, 168.3, 109.1, 82.9, 65.6, 64.9, 56.4, 54.7, 53.4, 52.1, 38.1, 
30.4, 24.1; IR (KBr) 2850, 1760, 1720, 1420 cm"'; Anal. Calcd. for 
Ci3Hi8Br206: C, 36.30; H, 4.22; Found: C. 36.43; H, 4.31. 

3>23y4-Tetrabix>mo-S-bromomathyi»7y7-diiii«ttKixy’* 
biGyclo(2,2.11bept-2.ene 4g: Yield 95%: coterless solid, mp 72-74 "C. 
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'HNMR 5 3.69-3.61 (m, IH, merged with OMe), 3.63 (s, 3H, OMe), 
3 5 g OMe), 3.16-3.1 1 (m, !H), 2.83 (dd, \H,J, 
= /, = 1 1.0 Hz, Cft H«,o), 2.59 (dd, IH, J = 12.2, 8.7 
Br j Hz), 1.73 (dd, IH, J» 12.2, 3.9 Hz); ’’C NMR 6 127.5, 
123.1, 1 12.0, 72.1, 67.7, 53.0, 51.7 (OMe), 51.5 (OMe), 
43.2, 32.7; IR (KBr) 2900, 1580, 1300, 1 160 cm''. 



5-Bromoinethyl-l,4-dichioro-7,7-<liinethoxy-bicyc)o[2.2.1)heptane- 
2,3-dionc Ig: Yield: 89%; yellow solid; mp 82-84 °C; 'H NMR 5 3.74 
Meo.^OMe (g, 3H, OMc), 3.56 (s, 3H, OMe), 3.57-3.53 (m, IH), 
3.21-3.13 (m, IH), 3.02 (t, IH, J = 10.4 Hz), 2.83 (dd, 
0 - Cl 1 lH,y= 13.7, 11.8 Hz), 2.15 (dd, IH, 13.7, 5.1Hz); 

’^C NMR 5 187.7, 187.4, 102.5, 79.6, 74.7, 52.8, 52.2, 
44.4, 36.9, 30.0; IR (KBr) 2950, 1740, 1420, 1270, 1 170 cm Anal. 
Calcd. for CioHnBrClA: C, 38.25; H, 3.53; Found C, 38.34; H, 3.61. 



l,4-Dibroino-5-bromometliyi-7»7-diniethoxy-bicyclo(2.2.1)faeptane- 
2,3-dioBe 2g: Yield: 80%; yellow solid; mp 69-71 *C; 'H NMR 5 3.78 
Meo OMe (g, 3H, OMe), 3.60 (s, 3H. OMe), 3.65-3.57 (m, IH), 
3.22-3.16 (m, IHX 3,00 (t, IH, 10.5 Hz), 2.87 (dd, 
IH, 13.1, 1 LOHz), 2.21(dd, IH, 13.8, 5.1Hz); '^C 
NMR 8 187.0, 186.8, 102.8, 72.4, 66.3, 52.9, 52.2, 44.8, 
38.6, 30.6; IR (KBr) 2950,' 1760, 1440 cm"'; Anal. Caksd. for 
Ci»MaBr3P2: C,r^,84;:H, 2.75; Fowl C, 29.91; H, 3.01, 



Chapter IC 


219 


l,4-Dichloro-5-chIoromethyI-7,7-dimethoxy-bicycIo{2.2.1]heptane- 
2^-dione Ih: Yield: 90%; yellow solid; mp 76-78 °C; 'H NMR 5 3.75 
Meo^OMe (s, 3H, OMe), 3.69 (dd, IH, J= 12.1, 3.8 Hz), 3.56 (s, 
3H, OMe), 3.47 (dd, IH, 7= 12.0, 6.8), 3.21-3.12 (m, 
IH), 2.81 (t, IH, 7= 10.4 Hz), 2.83 (dd, 1H,7= 13.6, 
12.1 Hz), 2.30 (dd, IH, 7= 13.7, 5.1Hz); '^C NMR 5 
187.8, 187.5, 102.3, 79.0, 74.7, 52.7, 52.0, 44.7, 42.0, 34.9; IR (KBr) 
2950, 1750, 1430, 1300, 970 cm"'; Anal. Calcd. for CioHnCljOj: C, 
44.56; H. 4. 1 1 ; Found C, 44.60; H, 4. 1 4.9. 



Methyl 6a-Chloro-5-hydroxy-6,6-dimethoxy-l-oxo-hexahydro- 
cycIopenta{c]furan-5-carboxylate 126: Yield: 91%; colorless solid; 


MeO 


o a ""P ^ IH, 7 = 8.8 Hz), 

4.16 (dd, tH,7* ^,0,2.0 Hz), 3.81 (s, 3H), 3.75 (s, 

Q V- / OH 

3H), 3.50 (br s, IH, OH, DjO exchangeable), 3.39 (s, 
3H), 3.15-3.12 (m, IH), 3.04 (t, IH, 7=^ 12.5 Hz), 1.80 (dd, IH, 7 = 
13.9, 2.7 Hz); '^C NMR 5 171.5, 171.3, 107.7, 82.8, 72.1, 71.0, 54.0, 
53.1, 50.9, 45.3, 37.5; IR (KBr) 3350, 2900, 1730, 1150 cm"'. Anal. 
Calcd. for CnHisClO,: C, 44.83; H, 5.13; Found: C, 44.79; H, 5.08. 
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l^-Dibromo-4A6,7-tetrachloro-83-dinietlioxy-233a,4,7,7a- 
hexahydro-l-H-4,7-aiethaBO-indene 131a; Yield; 91%; colorless 
McO OMe solid; mp 60-62 “C; 'H NMR 6 3.97 <ddd, 1 H, J, 

H. *= J, * 10.7 Hz, Jj = 6.9 Hz, H.), 3.63-3.58 (tn, 
1 H, Hb), 3.60 (s, 3H, OMe), 3.55 (s, 3H, OMe), 
H, Br 3.30 (dd, 1 H, J = 9.8, 9.2 Hz, He), 3.16 (ddd, 1 H, 
J, =J 2 = 9.8 Hz, J} = 8.5 Hz, Hd), 2.49 (m, I H, H.), ! .5 1 (ddd, J = 1 2.7, 
10.7, 10.0 Hz, Hf); '^C NMR 5 130.4, 129.6, 1 14.8 (Cg), 76.9, 76.3, 
59.6, 52.6m 52.5, 51.8, 51.5, 51.3; IR (KBr) 2900, 1600, 1440, 1300, 
1180 cm*'. 


1.2.4.5.6.7- He3mbronio-8,8-diinetboxy>2,33M«7,7a-hexahydro-l-H- 

4.7- methano-indene 131b: Yield: 92%; colorless solid; mp 126-127 
°C; 'H NMR 5 3.97 (ddd, 1 H, ,// = Jj «= 10.5 Hz, Jj » 6.9 Hz, H,), 3.66 

(dd, IH, 9.9, 8.7 Hz, Hb), 3.62 (s, 3H, OMe), 
3.59 (s, 3H, OMe), 3.34 (dd, IH, ./ » 8.7, 10.5 
Br' Br W Hz, He), 3.25 (ddd, 1 H, J, » » 9.9 Hz, Jj “ 7.0 

Br'^Br Hz, Hj), 2.49 (ddd, IH, J » 10.0, 6.9 Hz, H*), 
1.51 (m, IH, Hf); '^C NMR 6 126.4, 125.7, 114.7 (Cg), 70.0, 60.7, 


MeO.^^OMc 
Bf. . Br 



53.09, 53.06, 52.3, 51.9, 51.7, 34.8; JR (KBr) 2900, 1580, 1460, 1300, 
1180 cm"'. 


l,2«lHbroino-4,7-di£hh>re-8,8-dimethoxy--h<aixdtydro-4,7>niethatto- 
ifli(j^ie-S,6-dioiie 132a: Yield: 96%; yellow crystals 
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(dichloromethane); mp 138-140 ‘’C; 'H NMR 6 4.07-4.00 (m, IH, H.), 
3.76 (s, 3H, OMe), 3.58 (s, 3H, OMe), 3.50-3.41 (m, 2H), 3.38-3.29 (m, 
1 H), 2.59 (ddd, 1 H, 7/ = = 8. 1 Hz, 7? = 6.8 Hz), 

1.44-1.35 (m, IH); '^C NMR 6 187.5 (-C=0), 
187.3 (-CO), 105.0 (Cg), 77.3 (2c), 54.4, 52.8, 
52.3, 5 1 .3, 50.3, 46.0, 35. 1; IR (KBr) 2900, 1 760, 
1440, 1300, 1 180 cm"'; Anal. Calcd. for C,2H,2Br2Cl204: C, 31.96; H, 
2.68; Found C, 31-93; H, 2.65. 



l,2,4,7-Tetrabromo-8,S-dimethoxy-hexahydro-4,7-methano-indene- 
5,6-dione 132b: Yield: 94%; yellow ctystals (dichloromethane); mp 
154-156 °C; 'H NMR 5 4.00 (ddd, IH, 7= 12.0, 9.5, 6.8 Hz, H.), 3.79 
(s, 3H, OMe), 3.62 (s, 3H, OMe), 3.48-3.32 (m, 
3H), 2.59 (ddd, IH, 7/ = 7^ = 8.1 Hz, 7 j = 6.8 Hz), 
1.40-1.31 (m, IH); "C NMR 5 186.9 (-0=0), 186.8 
(-0=0), 105.3 (Og), 69.5, 68.4, 55.6, 53.0, 52.4, 
51.1, 50.7, 47.7, 35.4; IR (KBr) 2900, 1760, 1430, 1360, 1180 cm’'; 
Anal. Oalcd. for 0,2H,2Br404: 0, 26.70; H, 2.24; Found O, 26.74; H, 
2.27. 



Hemiacetal 133a; Yield: 91%; colorless solid; mp 156-158 *"0, 'H 
NMR 84.85 (dd, IH, J, = 7^ = 3.2 Hz, H.), 3.95 (ddd, IH, J= 10.7, 
9.0, 2.8 Hz, Hb), 3.66 (s, 3H, <l^e), 3.59 (s, 3H, OMe), 3 (dd, IH, 7 
= 10.7, 3.7 Hz, He), 3.12 (ddd, 7/ = 7^ = 9.6 Ife, Jr 6.3'Hz, tla), 2.58 
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(ddd, 1 H, * 14.6 Hz, * 9.6 Hz, HJ, 1 .64 {ddd, J, = 14.6 Hz, 
1 1.2, 6.3 Hz, Hr); '^C NMR 6 194.7 (-C=0), 104.2, 103.8, 82.8, 78.9, 
OMe 75.7, 55.4, 52.4, 5 1 .8. 47.3, 43.9, 33.6; IR (KBr) 

3400, 2900, 1760, 1430, 1350, 1 180 cm*'; Anal. 
H, Calcd. for CizH.jBrCljO,: C, 37.14; H, 3.38; 
Found; C, 37.11; H, 3.40. 

Hemiacetal 133b; Yield: 88%; colorless solid; mp 168-170 ®C, 'H 

NMR 6 4.87 (dd, IH, J, = J, = 3.2 Hz, H.), 



OMe 



4.03 (br s, 1 H, OH, D 2 O exchimgeable), 3.95 
(ddd, I H, Jr = = 8.7 Hz 2.7 Hz, Hb), 3.69 (s, 

3H, OMe), 3.63 (s, 3H, OMe), 3.36 (dd, 1 H, J 
= 10.8, 3.7 Hz, H.), 3.12 (ddd, J, = Jj = 9.6 Hz, J } « 6.4 Hz, Hj), 2.62 


(ddd, I H, Jr = 14.6 Hz, J; = J3 = 9.6 Hz, H,), 1 .64 ( 1 H, ddd, 1 H, J, = 
14.6, 1 1.2, 6.1 Hz, Hf); ’’C NMR 5 194.3 (-C«0), 104.6, 103.7, 82.6, 
71.8, 67.4, 57.2, 52.7, 51.9, 46.9, 45.2, 34.2; IR (KBr) 3300, 2900, 
1780, 1440, 1200 cm*'; Anal. Calcd. for CuHuBraOs: C, 30.22; H, 
2.75; Found: C, 30.25; H, 2.73. 


6-Bromo-2a,4-dichIoro-3,3-diitietiboxy-2-oxo-octebydro- 
pentaleDo[l,6-bc]faraD-4-carboxyHc acid methyl ester 134; Yield: 
71%; colorless ciystals (EtOAc); mp 188-190 "C; 'H NMR 5 4.88 (dd, 
IH, J*^ 6.9, 4.6 Hz, 3.95 (ddd, IH, J- 12.9, 6.9, 4.6 Hz, Hb), 3.81 
(s, 3H, COaMs), 3.73 (dd, IH, J= 9.5, 6.9 Hz, H^), 3.68 (s, 3H, OMe), 
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3.35 (s, 3H, OMe), 3.12-3.04 (m, IH, He), 2.79-2.72 (m, IH, H*), 2.47 
(ddd, 12.9, 12.7, 12.4 Hz, Hf); '^CNMRS 170.0 (-0-C=0), 166.8 (- 
Meq OMe 0-C=0), 1 1 1.1 (C 3 ), 80.3, 

r. 75.1,74.8,56.2,53.5,53.4, 

52.3, 52.0, 45.2, 36.6; IR 
(KBr) 2900, 1760, 1720, 
1430, 1280, 1170, 1000 
cm''; Anal. Calcd. for 
Ci2H)5BrCl206; C, 35.50; 
H, 3.72; Found: C, 35.53; H, 3.74. The assignments of protons Ha-Hf 
are confirmed by decoupling experiments. Irradiation of Ha, Hb and He 
resulted in the disappearance of corresponding couplings. The coupling 
constants are shown. 



Oxa-tetracyclo acetal 13^: Yield: 91%; colorless solid; mp 135-137 



°C, 'H NMR 54.85 (dd, iH, 

Ha), 3.95 (ddd, IH, Ji = J 2 = 9.8, 2.8 Hz, Hb), 
3.91 (s, 3H, OMe), 3.64 (s, 3H, OMe), 3.59 (s, 
3H, OMe), 3.24 (dd, IH, J= 10.7, 3.8 Hz, Ho), 


3.04 (ddd, J/ =J 2 = 10.7 Hz, Jf- 6.1 Hz, Hj), 2.58 (ddd, IH, J, = 14.6 
Hz,J 2 =J 5 = 9.0Hz, He), 1.65 (ddd, J, = 14.6 Hz, 1 1.2, 6.1 Hz,Hf); '^C 


NMR 5 194.7 (-0=0), 105.7, 104.1, 83.6, 78.9, 76.6, 55.9, 55.5, 52.4, 
51.7, 47.6, 44.0, 33.5; IR (KBr) 2900, 1760, 1430, 1260, 1180 cm''; 
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Anal. Calcd. forCKiHisBrCbOs: C, 38.83; H, 3.76; Found: C, 38.78; H, 
3.79. 


Oxa-tetracyclo acetal 136b: Yield: 89%; mp 181-183 “C; colorless 
solid; 'H NMR 5 4.86 (dd, 1 H, J = 3.8, 2.8 Hz, H.), 4.08 (ddd, 1 H, y, = 
Ji = 9.9 Hz, Ji = 2.7 Hz, Hb), 3.91 (s, 3H, OMe), 3.68 (s, 3H, OMe), 
3.62 (s, 3H, OMe), 3.30 (dd, IH, J= 10.9, 3.8 Hz, He), 3.10 (ddd, J, = 
Ji = 10.7 Hz, y,= 6-1 Hz, Hd), 2.57 (ddd, IH, J, 
= 1 4.6 Hz, = 9.0 Hz, He), 1 .60 ( 1 H, ddd, 



194.3 (-0=0), 104.5, 104.4, 83.4, 72.5, 68.2, 
57.5, 55.8, 52.7, 51.8, 47.2, 45.1, 33.9; IR (KBr) 2900, 1760, 1440, 
1380, 1200 cm*'; Anal. Calcd. for CijHisBrjOs: C, 31.80; H, 3.08; 
Found: 0,31.84; H, 3.06. 


Hemiacetal 120a: The spectral data for 120a matches with that 
previously reported from our lab. 


I, 7-Dichloro-3,8,8-trimet]ioxy-4-oxa-tricydo{42.1.6'^)ii(MiaB-2-one 
139: Yield: 94%; colorless soFid; mp 76-78 "0; 'H NMR 5 4.44 (dd, 

Meo OMe 3 6 Hz^ 3.84 (s, 3H, OMe), 3.83 (d, IH, 

V/ \ y=8.5 Hz), 3.66 (s, 3H, OMe), 3.61 (s, 3H, OMe), 2.94 
^ ^ 7 (ddd, IH, Jfell.O, 2 . 2 , 3.6 Hz), 2.66 (dd, IH, >12.7, 

I I. 0 Hz), 1.85 (dd, IH, >12.7, 2 . 2 , 3.6 Hz); ’’C NMR 6 196.7 (0=0), 
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105.1, 102.1, 76.0, 74.2, 72.3, 54.9, 52.4, 51.4, 46.8, 36.1; IR (KBr) 
2950, 1770, 1430, 1190, 1070 cm’’; Anal. Calcd for CiiHuCljOs: C 
44.47, H 4.75; Found C 44.52, H 4.71. 


5-(2-Bromo-ethyl)-l,2,3,4-tetrachioro-7,7-dimethoxy- 
bicyclo[2.2.1)hept-2>ene 3r: Yield: 91%; viscous liquid; ’HNMR 
5 3.61 (s, 3H, OMe), 3.55 (s, 3H, OMe), 3.48-3.41 (m, IH, Cil 2 -Br), 



3.36-3.29 (m, IH, GHj-Br), 2.84-2.77 (m, IH, 
C(5)He*o), 2.55 (dd, IH, J = 1 1.7, 8.8 Hz, C(6)H«o), 
2.22-2.13 (m, IH, CHj-CHz-Br), 1.45 (dd, IH, 14.4, 
3.9 Hz, C(6)He«to). 1.53-1.43 (m, 1 H, Cjaj-CHz-Br); 
NMR 5 130.3 (C 2 ), 128.4 (C 2 ), 1 1 1.6 (C 7 ), 78.4 (C 4 ), 


74.4 (C,), 52.6 (OMe), 51.6 (OMe), 45.8, 41.3, 33.1, 30.4; IR (neat) 


2900, 1600, 1440, 1280 cm-'. 


5-(2-Bromo-ethyl)-l,4-dichloro-7,7“dimethoxy- 


bicyclo[2.2.1]heptane-2,3-dione Ir: Yield: 94%; yellow solid; mp 67- 



69 °C, 'HNMR 53.76 (s, 3H, OMe), 3.58 (s, 3H, 
OMe), 3.46 (ddd, IH, 7/ = = 10.5, 5.9 Hz, CHj-Br), 

3.35-3.29 (m, IH, CMz-Br), 2.94-2.86 (m, I H), 3-82-2.75 
(m, IH), 2.18-2.10 (m, IHX 1-84 (dd, IH,/* 

C(6)H«„to), 1.52-1.43 (m, IH); '^C NMR | ! 

-’I- ' 



226 


Experimental Section 


C=0), 187.8 (-CO), 102.3 (C7),79.5 (C 4 ), 74.9 (C,), 52.7 (OMe), 52.1 
(OMe), 40.6, 37.3, 32.4, 29.7; IR <KBr) 2900, 1770, 1440, 1280 cm''; 
Anal. Calcd. for C,iHi 3 Cl 204 : C, 47.16; H, 4.68; Found: C, 47.20; H, 
4.70. . 


l,8-Dichloro-3-hydroxy-9,9-diniethoxy-4-oxa- 
tricyclo[5.2.1.0^’*]decan-2-on€ 140; Yield: 93%; colorless solid; mp 
161 °C, 'HNMR 54.02-3.97 (tdd, IH, 7 = 12.7, 5.3, 1.4 Hz, -0- 
Cii2),3.68 (s, 3H, OMe), 3.63 (s, 3H, OMe), 3.61- 
3.54 (m, IH), 3.00-2.96 (m, IH), 2.62 (dd, IH,// = 
=12.7 Hz, C(8)Hexo), 2.20-2.1 1 (m, IH), 1.78 (dd, IH, 
12, 3.9 Hz, C(8)H«rfo), 1.39-1.33 (m, IH); '’C 
NMR 5 201.7 (-C=0), 103.0 (C,), 95.7 (Cj), 75.6 (bridgehead), 73.4 
(bridgehead), 60.6 (-O-CHa-), 52.0 (OMe), 51.4 (OMe), 37.2, 33.4, 
22.2; IR (neat) 3300, 2900, 1770, 1460, 1420, 1200 cm '; Anal. Calcd. 
for CnHuCbO,: C, 44.47; H, 4.75; Found: C, 44.51; H, 4.79. 



l,3-DichIoro-4-(2-hydroxy-ethyl)-2,2-dioietiioxy-cyciopeBtane-t,3- 
dicarboxylic acid dimethyl ester 141; Yield: 14%; viscous liquid; 
'HNMR 5 3.82 (s, 3H, COzMg), 3.80 (s. 3H, CO,Mel. 3.80-3.69 (m. 



OH 


IH), 3.69 (s, 3H, OMe), 3.31 (dd, IH, /, » J, 
«14.0 Hz, C(5)Hp), 3.21(5, 3H, OMe), 2.94- 
2.86 (m, IH), 2.22 (dd, IH, 14.4, 5.9 Hz, 
C(5)Hx), 1.98-1.90 (m, IH), 1.67-1.57 (m, 2H); 
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'•’C NMR 5 168.3 (-0-C=0), 167.8 (-0-C=0), 1 10.7 (C,), 81.3, 79.0, 
60.9 (-CH 2 -OH), 53.5 (OMe), 53.3 (OMe), 52.3 (OMe), 52.4 (OMe), 
47.3, 42.6, 31.6; IR (neat) 3400, 2900, 1720, 1430, 1260 cm"'; Anal. 
Calcd. for CoHzoCliO,: C, 43.47; H, 5.61; Found: C, 43.51; H, 5.66. 


6,7a-Dichloro-7,7-dimethoxy-l-oxo-octahydro-cyclopenta[c]pyran- 
6-carboxyIic acid methyl ester 142: Yield: 81%; colorless solid; mp 


128-130 °C, 'H NMR 5 4.48 (dt, IH, J= 11.9, 1.9 Hz, -O-CH 2 ), 4.42- 

MeO ^OMe 

Cl 4.37 (m, IH, -O-CH 2 ), 3.86 (s, 3H, C O^Mel . 3.78 (s, 
■'co,Me 3H, OMe), 3.30 (s, 3H, OMe), 3.31-3.29 (m, IH, 
merged with OMe), 2.84 (dd, IH, J- 14.2, 12.0 Hz, 



Ha), 2.38-2.30 (m, IH), 2.27 (dd, IH, 14.2, 7.8 Hz, Hb), 1.72-1.67 
(m, IH); '■■'C NMR 5 168.2 (-ac=0), 166.9 (-0-0=0), 111.1 
(C7),73.8, 73.4, 65.2 (-O-CH 2 -), 53.8 (OMe), 52.1 (OMe), 44.3, 38.8, 
25.0; IR (neat) 2900, 1760, 1720, 1440, 1300 cm''; Anal. Calcd. for 


CaHibCbOfi: C, 44.06; H, 4.93; Found: C, 44.01; H, 4.90. 


6-Hydroxy-7,7-dimethoxy-l-oxo-octahydro-cycIopenta[c]pyran-6- 
carboxylic acid methyl ester 143: Yield: 71%; viscous liquid; 'HNMR 
^ 3.83-3.76 (m, IH), 3.71-3.66 

.CO,Me ^ 

2.98 (dd, IH, /= 13.14, 10.4 Hz), 2.83-2.76 (m, 
IH), 2.04-1.96 (m, IH), 1.82 (dd, lH,y= 13.2, 4.5 Hz), 1.34-1.26 (tn. 



IH); '^C NMR 6 167.7 (-0-0=0), 166.2 (-0-0=0), 108.8 (C7), 84.8 
(Ob), 76.0 (-C-CI), 60.1 (-0-CH2-), 53.2 (OMe), 51.8 (OMe), 51.6 



228 


lixperimentai Section 


(OMe), 37.8, 37.5, 33.0; IR (nwt) 3300, 2900, 1770, 1700, 1420, 1300 
cm"'; Anal. Calcd. for C^HitCIO?: C, 46.69; H, 5.55; Found: C, 46.73; 


H, 5.58. 

5-(3-Bronio-propyl)-14»3»4-tetrachloro-7,7-dliiietIioxy- 
bicydo(2.2.11hept-2-ene 3s: Yield: 94%; viscous liquid; 'H NMR 
,oMe 6 3.60 (s,3H, OMe), 3.55 (s,3H, OMe), 3.42-3.33 (m, 
2 H), 2.60-2.53 (m, IH), 2.48 (dd, IH, 1 1.2, 8.8 Hz, 
C(6)H««,), 1.89-1.80 (m, 3H), 1.45 (dd, IH, 11.2, 
3.7 Hz, C(6)He«io), 1.06-0.97 (m, IH); '^C NMR 8 
129.9, 128.5, 111.7 (C 7 ), 78.8 (Q), 74.5 (Ci), 52.6 
(OMe), 51.5 (OMe), 46.5, 41.6, 32.8, 30.5, 28.6; IR (neat) 2900, 1600, 
1420, 1260, 1200 cm-'. 



a a 


The Diels-Alder adducts 2 g, 3r and 3s were pnepared similar to that 
discussed under Chapter -1 A (Table 1 A.l, page 204). 


5-(3-Broino-propyI)-l,4-dichloro-7,7-dimettaoxy- 
bicyclo(2.2.1]heptaae-2,3-dione Is: Yield: 98%; yellow solid; mp 77 
Meo OMe 'H NMR 5 3.73 (&, 3H, OMeX 3.57 (s, 3H, OMe), 
339-3.31 (m, 2HX 2.79 (dd, IH, « Jj -12.4 Hz, 
C( 6 )H««X 2.68 (tt, IH, 7 - 1 1 . 6 , 4.1 Hz), 1.91-1.72 (m, 
\ 4H), 1.11-1,00 (m, IH); '^C NMR 8 188.2 (-C-0), 

O' 188.1 (-C-0), 102.5 (Ct), 80.0 (C4), 75.0 (C,), 52.7 
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(OMe), 52.1 (OMe), 41.4, 37.8, 32.1, 30.2, 28.6; IR (KBr) 2900, 1780, 
1460, 1280, 1200 cm-'. Anal. Calcd. for C, 2 Hi 5 Cl 204 : C, 49.00; H, 
5.14; Found: C, 48.96; H, 5.11. 


4-(3-Bromo-propyl)-l ,3-dichIoro-2,2-dimethoxy-cyclopentane-l ,3- 
dicarboxylic acid dimethyl ester 50s: Yield: 56%; colorless solid, mp 
1 10 °C ; 'HNMR 5 3.82 (s, 3H, COiMe), 3.81 (s, 3H, C02Me), 3.68 (s, 
3H, OMe), 3.41-3.37 (m, 2H), 3.30 (dd, IH, J, = 


'co,Me Jt =14.0 Hz, C(5)Hp), 3.21(s, 3H, OMe), 2.76- 



Br' 


MeO,C 


2.68 (m, IH), 2.14 (dd, IH, 14.4, 5.8 Hz, 
C(5)H„), 1.98-1.79 (m, 3H), 1.53-1.42 (m, IH); 
'^C NMR 5 168.2 (-0-0=0), 167.6 (-0-0=0), 
110.7 (O 7 ), 81.1, 78.0, 53.44 (OMe), 53.35 (OMe), 53.3 (OMe), 52.4 
(OMe), 49.5, 42.3, 33.1, 30.9, 27.1; IR (KBr) 2850, 1710, 1420, 1250, 
1 190 cm''; Anal. Oalcd. for Ci 4 H 2 iBr 0 l 2 O 6 : 0, 38.56; H, 4.85; Found: 
0, 38.59; H, 4.87. 
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Chapter 2 

A Concise Synthesis of Novel Oxabridged Compounds 

Tetramethyi 2;2,6,6-tetramethoxyhexahydro-M:5,7-diepoxy-s'- 
indacene-'l^A7-tetracarboxylate 162. To a solution of the major 
bis-Iactone 158 (38 mg, 0.069 mmol) in MeOH (0.5 ml) was added a 
solution of NaOH (3.75 mmol, I50mg) in H^O (1 mi). The mixture was 
refluxed for 24 h. 5% HCl (10 ml) was added and extracted with ethyl 
acetate (3x5 ml). The combined ethyl acetate layer was washed once 
with brine and dried over Na2S04. The crude carboxylic acid obtained 
after concentration of ethyl acetate layer was treated with excess 
diazomethane in ether:methanol (1:1) at 0°C. After quenching excess 
diazomethane with acetic acid, the solution was concentrated and silica 
gel column chromatography (50% ethyl acetate-hexane) aftbrded the 
pure product 162 (17.6 mg) in 46% yield in two steps. Yield: 46%; 
colorless flakes, mp 250 ®C; 'H NMR 5 3.80 (s. 12H, COiMe). 3.43 (s, 

6H, OMe), 3.31 (s, 6H, OMe), 2.76-2.73 
(m, 4H), 1.44-1.36 (m, 4H); ’’C NMR 5 
166.5 (0-C=0), 110.2, 91.6, 52.6 

UUjMC 

(COzMe), 52.0 (OMe), 51.7 (OMe), 40.1, 16.8; IR (KBr) 2900, 1730, 
1420, 1220, 1100 cm-'; Anal, calcd. for C24H32OU: C 52.94, H 5.92; 
Found: C 52.85, H 5.89. 

General procedure for the preparation of oxa-hridge derivatives 
from bridged lactones: To a solution of the lactones (0.2 mmol) in 


MeOjC, y y CO, Me 

McO^V.4xJ-^/^OMe 
H H V,.. 
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MeOH (2 ml) was added a solution of NaOH (6 mmol) in H 2 O (1 ml). 
The mixture was refluxed for specified time. 5% HCl (10 ml) was 
added and extracted with ethyl acetate (3x5 ml). The combined ethyl 
acetate layer was washed once with brine and dried over Na 2 S 04 . The 
crude carboxylic acid obtained after concentration of ethyl acetate layer 
was treated with excess diazomethane in ether:methanol ( 1 : 1 ) at 0 "C. 
After quenching excess diazomethane with acetic acid, the solution was 
concentrated and silica gel column chromatography (ethyl acetate- 
hexane) afforded the pure product. 

Oxabridge derivarive 163i: Yield; 88 %; colorless solid, mp 48-50°C 
(dec); 'H NMR 6 3.82 (s, 6 H, CO,Mei. 3.45 (s, 3H, OMe), 3.32 (s, 3H, 
MeO OMe ^^e), 3.14 (br s, 2H), 1.76-1.74 (m, IH), 1.68-1.66 
E".. (m, IH), 1.44-1.33 (m, IH), 1.29-1.25 (m, IH); '^C 

NMR 6 167.0 (0-C=0), 113.9, 91.1, 52.3 (2C, 
CO ,MeY 51.7 (OMe), 51.6 (OMe), 49.0 (2C), 28.5, 25.8 
(2C); lR(KBr) 2900, 1720, 1440, 1360 cm'*; Anal, calcd. for C, 4 H 2 o 07 : 
C 55.99, H 6.7 1 ; Found: C 55.53, H 6.78. 


Dimethyl 10,10-Dimethoxy-9-oxa-tricyclol6.1.1.0^’ldecane-l,8- 
dicarbonylate 163j; Yield: 90%; colorless solid, mp 58-60°C (dec); 'H 

MeO OMe 

^ NMR 5 3.81 (s, 6H, COjMe), 3.46 (s, 3H, OMe), 3.33 
'“^07 (s, 3H, OMe), 2.72-2.70 (m, 2H), 1.69 (m, 2H), 1.40- 

H *' / y "'H 

/ >1.36 (m, 6H); '^C NMR 8 167.0 (2C, 0-C=0), 1 10.2, 92.2 
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ilC), 52.3 ( 2 C, COiMfi), 52.0 (OMe), 51.7 (OMe), 41.8 (2C), 17.9 
{2C), 17.6 (2C); IR<KBr)2850, 1700, 1430, lOOOcm '; Anal, calcd. for 
C 15 H 22 O 7 : C 57.32, H 7.05; Found: C 57.53, H 7.14. 


Oxabridge derivarive 163k: Yield: 93%; colorless solid, oip 98-100 
®C; 'H NMR 5 3.81 (s, 6 H, COM&), 3.47 (s, 3H, OMe), 3.32 (s, 3H, 
OMe), 2.84-2.81 (m, 2H), 1.93-1.73 (br s, 2H), 1.80- 
1.73 (m, IH), 1.60-1.45 (m, 4H), 1.21-1.18 (m,3H);”C 
NMR 6 166.9 ( 2 C, 0-C«0), 110.3, 92.5, 52.2 (2C, 
'CO ,Me> . 51.7 (OMe), 51.6<OMe), 47.9 (2C), 31.0, 28.9 
( 2 C), 25.8 (2C); IR (KBr) 2850, 1700, 1430, 1360, 1340 cm''; Anal, 
calcd. forCi 6 H 2407 : C 58.53, H 7.37,Found: C 58.56, H 7.40. 


McO 

A 

<Mt 



V 

^07 




Dimethyl 12,12-Diinethoxy-l l-oxa-tricycloJ 8 .I.I.O*’’ldodccane-l,iO- 
dicarboxylate 1631: Refluxing the bicyclic lactone 511 (96 mg, 0. 
28 mmol) with NaOH (331 mg, 8.28mmot in 1ml water) in MeOH for 
20 hr and treatment of the faulting crude carboxylic acid in CH 2 N 2 , as 
described above, furnished the oxa-bridge ccHnpound 1631 (87 mg). 
Yield: 92%; colorless solid, mp 1 19-121 “C; 'H NMR 8 3.82 (s, 6 H, 
CQyMel 3.48 (s, 3H, OMeX 3.30 (s, 3H, OMe), 2.69-2.67 (m, 2H), 
1.69-1.62 (m, 4H), 1.45-1.34 (m, 8 H); '-'C NMR 5 167.2 (2C, 0-C=O), 
109.5, 93.7 ( 2 G), 52J (2C, C O>Me> . 51.9 (OMe), 51.6 (OMe), 46.7 
(XX 29.8 (X), 25.9 (2GX 23.2 (2G); IR (KBr) 2850, 1710, 1430, 1 100 
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cm-'; Anal, calcd. for C,7H2607: C 59.64, H 7.65; Found: C 59.73, H 
7.51. 


52.6 



Methyl cyclopentadiene adduct 165: To a stirred solution of 6.24 gm 
of freshly cracked methyl cyclopentadiene was slowly added to a 
mixture of 7 gms of tetrachlorodimethoxy cyclopentadiene and a 
catalytic hudroquinone in 4 ml of toluene at room temperature. After 1 
h stirring at at room temperature, the mixture was then refluxed for 1 h 
(till the completion of starting material). The toluene and excess 
methyl cyclopentadiene was distilled off under reduced pressure and 
the residue was subjected to silica gel column chromatography with 
20:1 hexane:EtOAc furnished the adduct 165 (6.35 g, 71%). Yield: 

71%; colorless solid, mp 96 “C; 'H NMR 5 5.17 (s. 
Cl IH, olefmic), 3.63-3.61(m, IH), 3.60 (s, 3H, OMe), 
3.54 (s, 3H, OMe), 3.22 (dt, IH, J= 9.0, 3.4 Hz), 
2.30 (1/2 of AB quartet, IH, J= 17.7, 9.5 Hz), 
2.15 (d, IH, J = 17.7 Hz), 1.67 (s, 3H, Me); '^C NMR 5 145.6, 
129.6, 127.1, 1 19.8, 1 13.5, 78.5, 78.0, 61.2, 52.4 (OMe), 51.5 (OMe), 
49.4 (2C), 35.9, 16.7; IR (KBr) 2900, 1600, 1440, 1200 cm’’; Anal, 
calcd. for CijHmCUOi: C 45.3, H 4.10; Found: C 45.45, H 4.04. 


MeO 
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Tetrachloro derivative 166: A mixture of the adduct 165 (550 mg, 
1 .59 mmol) and 10% palladium-charcoal {ca 8 mg) and PtOz (ca 4 mg) 
was stirre^ under an atmosphere of hydrogen (a ballon) till the 


absorption of hydrogen ceases. Filtration of the reaction mixture 
through a small pad of silical gel column afFotded the pure product 


(531 mg, 96%). Yield: 96%; colorless solid, mp 50“C; 'H NMR 5 3.58 
(s, 3H, OMe), 3.54 (s, 3H, OMe), 3.09-3.02 (m, 
2H), 1.94-1.84 (m, 3H). 0.96 (d, 3H,J= 5.8 Hz, 
Me), 0.78-0.70 (m, 2H); '^C NMR 5 129.7 (2C), 
115.5, 78.1 (2C, bridgehead), 53.8 (2C), 52.4 



(OMe), 5 1 .5 (OMe), 36.6, 34.3 (2C), 1 8.9 (Me); 
IR (KBr) 2850, 1600, 1440, 1260 cm''; Anal, calcd. for CnHisChOj: C 
45.12, H 4.66; Found: C 45.37, H 4.58. 


a-diketone 167: Prepared following the general precedure. Yield: 
98%; yellow solid (directly crystallized without a column), mp 123-124 


M«o .^OMc NMR 6 3.73 (s, 3H, OMe), 3.55 (s, 3H, OMeX 
3.32-3.19 (m, 2HX 2.03-1.94 (m, 3H), 0.95 (d, 3H, J* 
5.8 Hz, Me), 0.61-0.56 (m, 2H); '^C NMR 5 188.9 
(-0=0-, 20), 105.7, 79.4 (20, bridgehead), 52.4 
(OMe), 52.0 (OMe), 48.8 (20), 36.7, 35.0 (20), 1 8.2 (Me); IR 
(KBr) 2850, 1750, 1440, 1210 cm*'; Anal, calcd. for C.jHijCIA: 0 

50.83, H 5.25; Found: 0 50.93, H 5.30, 
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The bridged lactone 168: Yield: 93%; colorless solid, mp 124-126 °C; 
‘H NMR 6 3.85 (s, 3H, CO.Me). 3.61 (s, 3H, OMe), 3.46 (q, IH, J = 



10 Hz), 3.61 (s, 3H, OMe), 3.04 (q, IH, J= 10 
Hz), 2.02-1.95 (m, 2H), 1.80-1.74 (m, IH), 
1.21-1.12 (m, IH), 1.00 (d, 3H, J= 4.9 Hz, 
Me), 0.88-0.79 (m, IH); ‘^C NMR 5 168.0 (- 
0-C=0), 166.2 (-0-0=0), 111.9, 85.6 


(bridgehead, C-COzMe), 76.3 (bridgehead, C-Cl), 53.1 (CO ^Me) . 51.64 


(OMe), 51.61 (OMe), 48.6, 47.6, 36.9, 35.2, 31.7, 18.4; IR (KBr) 2900, 
1800, 1730, 1460, 1300 cm*'; Anal, calcd. for C|4H,9C106: C 52.75, H 


6.01; Found: C 52.80, H 5.98. 


The oxa-bridge derivative 169: Yield: 83%; viscous liquid; ‘H NMR 
5 3.81 (s, 6H, COzMe), 3.44 (s, 3H, OMe), 3.33 (s, 3H, OMe), 3.16- 
3.09 (m, 2H), 1.98-1.84 (m, IH), 1.81-1.75 (m, 2H), 1.00 (d, 3H, J = 
Meo ,.OMe 6.4 Hz, Me), 0.98-0.92 (m, 2H, merged with Me 
doublet); '^C NMR 5 167.2 (20, 0-0=0), 113.8, 
(20), 52.4 (20, 00 ,Me1 . 51.9 (OMe), 51.8 
(OMe), 49.2 (20), 37.5, 33.7 (20), 18.5 (Me); IR 
Me (KBr) 2850, 1700, 1430, 1360, 1340 cm''; Anal, 
calcd. for OisHajOy: 0 57.32, H 7.05, Found: 0 57.56, H 7.08. 



236 


Experimtnltd Section 


Acetonide 3p: Yield: S0% in two steps from adduct 3fi. colorless solid, 



mp 100-102 X; 'H NMR 6 4.84 (s, 2H), 3.59 (s, 
3H, OMe), 3.56 (s, 3H, OMe), 1.40 (s, 3H, Me), 
1.33 (s, 3H, Me); '^C NMR 8 129.7 {2C), 115.5, 
114.2, 85.6 (2C), 77.4 (2C, bridgehead), 52.4 
(OMe), 51.8 (OMe), 25.6 (Me), 25.5 (Me); IR 


(KBr)2900, 1590, 1440, 1360, 1320 cm''; Anal calcd. for C.iHuClA: 


C 39.59, H 3.88; Found: C 39.62, H 3.84. 


a-diketone Ip; Yield: 95%; yellow solid (dichitMt) methane-hexane). 



mp 138-140 “C; 'H NMR 8 4.94 (s, 2H), 3.66 (s, 
3H, OMe), 3.48 (s, 3H, OMe), 1 .25 (s, 3H, Me), 
1 .24 (s, 3H, Me); ’’C NMR 5 184.4 (-C=0, 2C), 
1 15.7, 105.2, 82.0 (2C), 78.0 (2C, bridgehead), 
52.5 (OMe), 52.4 (OMe), 25.2 (Me). 23.9 (Me); 


IR (KBr) 2900, 1780, 1750, 1360, 1200 cm’’; Anal, calcd. for 


C,2Hi4Cl206: C 44.33, H 4.34; Found: C 44.30, H 4.36. 


CycIopentaBe dkster 50p; Yield: 33%; colorless solid, mp 131-133 



”C; 'H NMR 5 5.02 (s, 2H), 3.81 (s, 6H, CQ ,Me> . 
3.80 (s, 3H, OMe), 3.54 (s, 3H, OMe), 1.37 (s, 3H, 
Me), 1.30 (s, 3H, Me); '^C NMR 5 166.1 (2C, O- 
CO), 112.2, 108.9, 85.4, 72.3, 52.4 (OMe), 52.73 
(2C, OMe), 52.66 (OMe), 25.3 (Me), 25.8 (Me); IR 
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(KBr) 2900, 1740, 1420, 1360, 1300 cm''; Anal, caicd. for 
CuHzoChOg: C 43.43, H 5.21 ; Found: C 43.47, H 5.10. 


Lactone 51p: Yield: 91%; colorless solid, mp 154-156 ®C; 'H NMR 5 
5.37 (d, IH, 7 = 7.4 Hz), 4.87 (d, IH, 7 = 7.4 Hz), 3.91 (s, 3H, 
COzMe), 3.61 (s, 3H, OMe), 3.40 (s, 3H, OMe), 
1.49 (s, 3H, Me), 1.37 (s, 3H, Me); '^C NMR 5 
164.5 (2C, -0-C=0), 116.3, 111.0, 83.6, 81.0, 
80.3, 51.5 (OMe), 52.0 (OMe), 25.5 (Me), 25.3 
(Me); IR (KBr) 2900, 1800, 1730, 1430, 1360 
cm''; Anal, caicd. for CijHnCIOg: C 46.37, H 5.09; Found: C 46.40, H 
5.11. 



Oxa-bridge derivative 170; The bicyclic lactone Sip (65 mg, 0.205 
mmol) with NaOH (246 mg, 6.15 mmol in 1ml water) in MeOH was 
refluxed for 20hr and the resulting crude cartx>xylic acid was treated 
with CH 2 N 2 , as described above, giving rise to the oxa-bridge 
^®°N^.'°''^'compound 170 (57 mg). Yield: 83%; colorless solid, mp 
118-120 °C; 'H NMR 55.12 (s, 2H), 3.86 (s, 6H, 
H"/^"“C02Me), 3.41 (s, 3H, OMe), 3.33 (s, 3H, OMe), 1.51 (s, 
3H, Me), 1.37 (s, 3H, Me); ’’C NMR 5 164.9 (2C, 0-C“0), 
' 1 16.2, 1 14.2, 89.3, 82.1, 52.8 (2C, COaMfi), 51.91 (OMe), 
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51.86 (OMe), 26.4 (Me), 25.8 (Me); IR (KBr) 2850, 1710, 1440, 1360, 
1300, 1200 on'*; Anal, calcd. for CUH 20 O 9 : C 50.60, H 6.07; Found; C 
50.64, H 6.10. 

One pot synthesis of tetramethyl 2,2,6,6-tetraniethoxyhexahydro- 
1 , 3 : 5 , 7-<iiepoxy-s-indacene-13A7-tetracarboxylate 162 from bis-a- 
diketone 157; To a stirred solution of diketone 157 (90mg, 0.17 mmol) 
in THF (2ml) and methanol (2 ml) 'NSS added 30% HjOa (0.22 ml) 
followed by slow addition of 6N NaOH solution (0.1ml). After stirring 
at room temperature (~ 20®C) for 2 h, a solution of NaOH (408 mg, 
10.2 mmol) in H 2 O (1 ml) was added. The mixture was refluxed for 20 
h, cooled and 10 % HCI (7 ml) was added and extracted with ethyl 
acetate (3x5 ml). The combined ethyl acetate layer was washed once 
with brine and dried over Na 2 S 04 . The crude carboxylic acid obtained 
after concentration of ethyl acetate layer was treated with excess 
diazomethane in ether;methanol (1:1) at 0"C. After quenching excess 
diazomethane with acetic acid, the solution was concentrated and silica 
gel column chromato^phy (50% ethyl acetate-hexane) afforded the 
pure product in 60% of yield. 

Bis-adduct 171: It was prepared by using literature procedure.** Yield: 
77%; colorless solid, mp 212 “C; 'H NMR 5 5.55 (s, 2H), 3.60 (s, 6H, 
OMe), 3.39 (d, 2H, 1 1.2 Hz), 2.74-2.67 (m, 2H), 2.03 (dt, 13.1, 

2.0 Hz), 0.74 (q, y = 12.8 Hz); '*C NMR 5 129.2 (2C), 129.0 (2C), 
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125.8 ( 2 C), 1 n .4 (20, 78.7 (2C), 77.7 (2C), 52.7 (2C), 51.6 (2C), 49. 1 
( 2 C), 48.6 (2C), 20.9; IR (KBr) 2900, 1600. 1440 cm '; ^m\. c«lcd, for 
C 21 H 20 CI 8 O 4 : C 40.68, H 3,25; Found; C 40.71, H 3.27. 

Compound 172: A mixture of the bisadduct 171 (550 mg. 0,89 mmol) 
in dry ethylacetate (5 ml) was shaken in a Parr hydrogenation apf»ratus 
over 10% palladium-charcoal (car 12 mg) and PtOj {ca 6 mg) at a 
hydrogen pressure of 50 psi. for 30 h. The catalyst was fillensd off and 
OMe Meo soIvcnt fcmoved to furnish the pure 

product 172 (537mg. 97V«). Yield: 
— crv”*"' 97%., colorless solid, mp 190*192 *C. 

c/ Cl 'H NMR 6 3.58 (s, 6 H. OMe). 3.53 

(s, 6 H, OMe), 2.77-2.69 (m, 4H), 2.05 (d. IH, 13.9 Hz), 1.77*1.72 
(m, 2 H), 1 .57-1 .49 (m, 2 H), 1 .00-0.85 (m, I H); “C NMR 8 1 29. 1 (2C), 

128.9 ( 2 C). 1 1 1.4 ( 2 C), 79.5 C2C), 79.1 (2C\ 52.7 (2CX 51 .6 (2C), 50.4 
( 2 C), 46.8 ( 2 C), 22.6 (2C). 21.3; IR (KBr) 2900, 1600, 1440, 1270, 
1200 cm"'; Anal, calcd. for C 2 tH 22 Cls 04 ; C 40.55, H 3.56; Found; C 
40.58, H 3.54. 


Bis a-diketone 173: To a vigorously stirred solution of the bis-»kluct 
172 (3Umfe 0.5 mmol) in acetonitrile (6 ml) and CCI 4 (6 ml) at OT 

(ice-water bath) was added a solution of 
RuCIj* 3 H 20 (15.7 mg, 0.06 mmol) and 
Jr a Nal 04 (299.6 mg, 1.4 mmol) in water 
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(1ml). The mixture was stirred for 30 h and continuously monitored by 
tic. The resulting suspension was filtered through a thin pad of silica 
gel, which was then washed with CH2C12 and ethyl acetate (40 ml, 1:1). 
Concentration of the filtrate followed bj^washing the resulting yellow 
crystalline product in hexane (10 ml) gave the pure bis-diketone 174 
(264 mg, 97%). Yield: 97%, yellow solid, mp 260 “C; 'H NMR 5 3.73 
(s, 6H, OMe), 3.54 (s, 6H, OMe), 2.93-2.85 (m, 4H), 2.06-2.02 (m, 
2H), 1.84-1.79 (m, 2H), 1.28-1.24 (m, 2H), 0.72-0.62 (m, IH); ‘^C 
NMR 5 187.4 (2C, -C=0), 187.3 (2C, -CO), 101.6 (2C), 80.2 (2C), 
79.5 (2C), 52.8 (2C), 52.1 (2C), 46.2 (2C), 42.2 (2C), 22.0 (2C), 20.7; 
IR (KBr) 2900, 1750, 1450, 1200 cm''; Anal, calcd. for CjiHijCUOs: C 
46.35, H 4.07; Found: C 46.38, H 4.09. 

Bis oxa-bridged derivative 175: Yield: 71%; colorless solid, mp 128- 
130 “C; 'H NMR 5 3.80 (s, 6H, CO yMel . 3.78 (s, 6H, CQjMfi), 3.46 (s, 
\ H H I 6H, OMe), 3.30 (s, 6H, OMe), 3.01-2.95 

l^OMe ^H), 1.67-1.63 (m, 

e'' 'e 2H); 1.30-1.26 (m, 2H); '^C NMR 5 166.6 

(2C, O-CO), 166.4 (2C, O-CO), 109.9 (2C), 92.9 (2C), 92.1 (2C), 
52.4 (2C, COjMe), 52.3 (2C, CCbMe), 51.8 (2C, OMe), 51.7 (2C, 
OMe), 46.2 (2C), 42.6 (2C), 23.0 (2C), 21.9; IR (KBr) 2900, 1720, 
1420, 1220, 1190 cm-'; Anal, calcd. for C 2 sH 340 , 4 : C 53.76, H 6.14; 
Found: C 53.80, H 6.16. 



Preparation of 2:1 adducts of 5,6 with cyclopmladirnr; l^c 
tetrahalo cyclopentadicne monoadducfs IJWla and I30li wa» furihct 
treated with I equivalent of 5 and 6 respectively in bcn/ef*e in a sealed 
tube for 48 h to furnish the enelo,mii,endo- adducts IT7» and |7tli 


Bis addafct 177a; Yield: 80%; colorless solid, mp 232-234 T. 'H NMR 
S 3.57 (s, 6H, OMe), 3.51 (s, 6H, OMe), 3.13 (dd. 2H, - 1 5 6. 7 « 



Hz), 2.99 (d, 2H, J - 7 8 Hz). I 77 (i. 2M. J • 
7.8 Hz); ‘*C NMR 5 I30 0(2C). 129 2 (20. 
1 14.5 (2C). 77.9 (2C). 77 I (20. 56 3 (20. 
54.6 (20. 52.5 (20. 516 {20. 24 4. |R 
(KBr) 2900, 1600. 1420. 1330. 1280. 1260 


cm '; Anal, calcd. forCnHiiCI»0«; C 38.42, H 3.05; Found ( 38 40. M 


3.07. 


Bis adduct 177b: Yield: 71% (57% btted on Halting material), 
colorless solid, mp 248-250 X (dec); 'H NMR 8 3.60 (s, 6H. OMe). 




J.56 (s, 6H. OMe). 3.25 (dd, 2H.J 
7.8 Hz), 3.17 (d. 2H. J - 7.8 Hz). I 88 (i. 
2H, J = 7.6 Hz): ’’C NMR 6 126 0 (20. 

Br-y 8, 125.2(20, 114.5 C2C), 71.4 (20. 7| I 

(2C), 57.2 C2C), 55.8 (2C). 52 8 (20. 

51.6(20, 24.6; IR (KBr) 2900, 1580. 1420. 1330. 1280. 1260 cm '. 

Anal. calcd. for C„H„BrA:C 24.03, H 1, 91; Found; C 24 07. H 193 
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Bis a-diketone 178: Yield: 95%; yellow solid, mp 258-260 °C; 'h 
NMR 5 3.68 (s, 6H, OMe), 3.54 (s, 6H, OMe), 3.19 (dd, 2H, J = 16.4, 

10.7 Hz), 2.89 (d, 2H, 10.7 Hz), 1.66 (t, 



2900, 1740, 1440 cm''; Anal, calcd. for C^H.gCUOj: C 44.21, H 3.51; 
Found: C 44.23, H 3.53. 
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added 30% H 2 O 2 (0.22 ml) followed by slow ■dddion of 6N N«<lH 
solution (0.1 ml). After stirring at room Icmpcraiunc (~ 20"C) for 1 h. 
5% HCI (2 ml) was added and extracted with ethyl acetate ml! 
The combined ethyl acetate layer was washed once with brmc and dt led 
over Na 2 S 04 . The crude carboxylic acid ditained after conccnirafion ol 
ethyl acetate layer was treated with excess diazometbanc m 
ethenmethanol (1:1) at 0 “C. After quenching excess dia/omcIhafK 

with acetic Kid, the solution wa» 
concentrated and silica gel column 
chromatoj^aphy afforded the pure 
product. Yield; 80%; colorless cry'staU 
(EtOAc). mp 216-218 'H NMR 
6 3.83 (s. 6H, CO 2 MS). 3.70 (dd. 211 
(HfcX •/- 16.7, 8.7 Has), 3.58 (», 6H, OMe), 3.69 (s. 6H, OMc). 2 99 (d, 
2H (HfcX ^ - 11.7), 1.92 (I. 2H (CHiX J - 8.1 ’*C NMR 6 167 J 

(2C, -O-C-0), 165.2 (2C, -OC-O), 1 11.0 (2CX 86.3 (2CX 75.0 (2C). 
53.4 (2C, OMe), 5! .9 (2C, OMe). 51.8 (2C). 50,5 C2C), 49.7 (2C). 22,4. 
IR (KBr) 2900, 1800, 1740, 1440, 1320. 1280 cm '; Anal, calcd for 
C2iH240i2Cl2: C 46.77, H 4.49; Found: C 46.79, H 4.52. 

Bis addKt 182: TTie tetrachioro cyclopentadiene 5 (4 mmol. I .0S6 g) 
was treatol with 2 g of fiiran in 0,5 ml of benzene in a sealed lube for 
48 h to furnish 846 ntg of tndomUtndo adduct 182. The rMclKW 
mixture was a solid; which wu w«hed with hexane to furnish the pure 
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product. Yield: 71% (Lit. 5S%); colorless solid, mp 222-224 "C (Lit.” 



1330, 1280, 1260 cm-'; Anal, calcd. for CijHwClA: C 36.28, H 2.71; 
Found: C 36.25, H 2.73. 


Bis a-diketone 182: Yield: 96%; yellow solid, mp 245-247 “C (dec); 

'H NMR 5 4.61 (d, 2H, J = 8.1 Hz), 3.68 (s, 
6H, OMe), 3.52 (s, 6H, OMe), 3.2! (d, 2H, J 
= 8.1 Hz); ’’C NMR 5 187.3 (2C, -C“0), 
183.5 (2C, -CO), 104.5 (2C), 88.9 (2C), 
78.9 (2C), 76.8 (2C), 52.4 (2C), 49.9 (2C); 
IR (KBr) 2900, 1760, 1440, 1200 cm’’; Anal, calcd. for C, 8 Hi 6 Cl 407 : C 
44.47, H 3.32; Found: C 44.51, H 3.34. 



Anti oxa-bridge derivative 176: Yield: 57%; colorless ciystals 

MeO ^ H H i OMe (EtOAC), mp 175 "C; 'H NMR 5 5.28 (J = 

5.1 Hz), 3. 87 (s, 6H, COM&), 3.84 (s, 6H, 
COiMs), 3.37 (s, 6H, OMe), 3.30 (s, 6H, 
OMe), 3.19 (d, 2H, J* 5.1 Hz); '^C NMR 5 165.4 (2C, -O-CO), 164.9 
(2C, -0-CO), 1 13.6 (2C), 91.7 (2C), 90.9 (2C), 89.7 (2C), 52.8 (2C, 
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OMe), 52.7 (2C, OMe), 51.9 (4C OMe), 50.1 (2C); IR (KBr) 2900. 
1720, 1420, 1280 cm"'; Anal, calcd. for CjjHjiOij: C 49 63, H 5.30; 
Found: C 49,66, H 5.32. 


Tricyclic oxa-bridge derivative I63t: Yield: 53%; colorless solid, mp 
Meo OMe “C; 'H NMR 6 3.96-3.93 (tn, 2H). 3.84 (s. 6H, 

MeO,a.,^As,,co,Me ^OaMfi), 3.54-3.47 {m, 4H). 3.46 (s, 3H, OMe), 

3.35 (s, 3H, OMe); ‘*C NMR 5 166.0 (2C. 0C»0). 
o 1 14.9, 90.3 (2C), 67.3 (2C). 52.8 (2C, COjMs). 52.0 
(OMe), 51.9 (OMe), 50.0 (2C); IR (KBr)2900. 1710, 1430. 1360. 1200 
cm '; Anal, calcd. for C,.,H,gO,: C 57.32, H 6.00; Found: C 57 35. H 
6.04. 



Oae-ixM: syatbesfat of oxa-bridged comiraiiwli l6Ja^: The same 
procedure d^ribed above vi«i performed whfi monosubatituied 
diketones 2a,b and 61. To a stirred solution of dikeume (0,5 mmol) In 
methanol (4 ml) was added 30% HiOj (0,38 ml) followed by slow 
addition of 6N NaOH solution (0,15 ml). After stirring at room 
temperature (~ 20“C) for 3 h, a solution of NaOH (15 mmol) in HjO 
(1.5 ml) was added. The mixture was refluxed for 3 1 h, cooled and 10% 
HCl (10 ml) was added and extracted with ethyl acetate (4x5 ml). The 
combined ethyl acetate layer was washed once with brine and dried 
over Na 2 S 04 . The crude carboxylic acid obtained after concentration of 
ethyl acetate layer was treated with excess diazomethane in 
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ethenmethanol (hi) at 0 ®C. After quenching excess diazomethane 
with acetic acid, the solution was concentrated and silica gel column 
chromatography (50% ethyl acetate-hexane) afforded the pure product 
in specified yields (Scheme 1 5). 


Dimethyl 6,6-Dimethoxy-2-phenyl-5-oxa-bicyclol2.1.1}hexane-l,4- 
dicarboxylate 163a: Yield: 69%, colorless solid, mp 98-100 “C, 'H 


NMR (400 MHz, CDCb) 6 7.40-7.20 (m, 5H), 3.93 (dd, IH, J = 8.5, 
3.9 Hz), 3.87 (s, 3H, OMe), 3.56 (s, 3H, OMe), 3.54 (s, 3H, OMe), 3.37 
(s, 3H, OMe), 2.98 (dd, IH, 7 = 1 1.7, 8.5 Hz), 2.20 (dd, IH, 7= 1 1.7, 

4.2 Hz); '^C NMR (100 MHz, CDClj) 5 166.9 
(0-C=0), 166.1 (0-C=0), 139.0, 128.7, 
128.3, 127.3, 111.1, 93.4, 88 . 6 , 52.6, 52.2, 52.0, 51.7, 


MeO. .OMe 
McOjC/,,. .^ ..,COjMe 



47.4, 39.9; I R (Neat) 2946, 1728, 1497, 1458, 1454, 1371, 1299, 1167, 
1095, 797 cm-'; Anal, calcd. for CpHioOy: C 60.71, H 5.99; Found: C 
60.64, H 6.03. 


Dimethyl 2-Ethoxy-6,6-dimethoxy-5-oxa-bi<^clo{2.1.1 ]hexane*l,4- 
dicarboxyiate 163b: Yield: 63%; colorless viscous liquid, 'H NMR 


(400 MHz, CDCl.,) 5 4.55 (dd, 1 H, 7 = 6 . 6 , 1 .2 Hz), 3.86 (s, 3H, OMe), 

3.83 (s, 3H, OMe), 3.60-3.52 (m, IH), 3.51- 
3.46 (m, IH), 3.43 (s, 3 H, OMe), 3.33 (s, 3H, 
.77 (dd, IH, 7» 1 1.7, 6.6 Hz). 1.94(dd, IH, 7 
12.0, 1.2HzX hl7(t, 7 =» 6 . 8 H 2 ); '^C NMR (100 MHz, CDClj) 8 
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166.4 (0-C=0), 166.1 (0-C=0), 111.3, 91.7, 88.7, 80.2, 65.6. 52.52, 
52.48, 51.9, 51.6, 39.4, 15.1. IR (Neat) 2952, 1735, 1436. 1404, 1014, 
73.3 cm '; Anal, calcd. forCijHwO*: C 51.31, H 6.62; Found: C, 51 .53, 
H, 6.54. 

Dimethyl 3-ChIoro-l-hydroxy-2;i-dimethoxy-4-melhyl-4-pheiiyi- 
cyclopentane-l^-dicarboxylate 187: Yield: 61%, colorless solid, mp 
McQ, oMe 89-90 °C, 'H NMR 5 7.37-7.10 (m, 5H). 4.44 (s, 

MeOjC^ yyn 

/^cOjMe *^20 exchangeable), 3.73 (s, 3H, OMe), 3.S6 (s, 
Kl 3H, OMe), 3.53 {s. 3H, OMe), 3.37 (d, 1 H. J = 14,4 
Hz), 3.31 (s,3H, OMe), 2.85 (d, IH, J= 14.4 Hz), 1.57 (s,3H. Me); ''C 
NMR 5 171.8 (0-C=0), 171.5 (O-C-O), 145.4, 128.4, 128.1. 126.6. 
125.5, 1 10.7, 88.8, 85.1, 54.0, 53.41, 53.37, 52.6, 49.8, 49.3, 28.8; IR 
(KBr) 3400, 2950, 1700, 1600, 1580, 1420, 1380 cm '; Anal, calcd. for 
C,gH 2207 : C 61.71, H 6.33; Found: C 61.80, H 6.51. 


Diketone li: Yield: 98%; yellow solid, mp 88-89 "C; 'H NMR 8 3.74 
.OMc <s, 3H, OMe), 3.54 (s, 3H, OMe). 3.25-3.22 (m, 2H), 
1.75-1.68 (m, 3H), 1.58-1.53 {m, 2H), 1.16-1.08 (m, 
IH); '^C NMR 5 189.0 (2C, -CO), 104.3, 80.1 
(bridgehead), 52.5 (OMe), 52.1 (OMc), 50.6 (2C), 
26.2, 26.1 (2G); IR (KBr) 2900, 1760, 1440, 1300, 1220 cm*'; Anal, 
calcd. for C, 2 H, 4 Cl 204 : C 49. 1 7, H 4.8 1 ; Found: C 49.20, H 4.83. 
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Diketone 2i: Yield: 92%; yellow solid, mp 129-130 "C; 'h NMR 
MeO OMe 5 3.73 3 H, QMt), 3.59 <s, 3H, OMc), 3.32-3.30 (m. 


o. 


Br 



2H), 1.80-1.64 (m, 3H), 1.57-1.50 (m, 2H), 1.18-1.05 

. / (m, IH); '^C NMR 6 188.2 (2C, -C=0), 104.6, 

^ \ / 

72.7 (bridgehead), 52.6 (OMe), 52.1 (OMe), 51 .9 (2C), 26.4 (2C), 25.7; 
IR (KBr) 2900, 1760, 1440, 1300, 1220 cm''; Anal, calcd. for 
C, 2 H, 4 Br 204 : C 37.73, H 3.69; Found: C 37.70, H 3.67. 



Tricyclic lactone 51i; Yield: 95%; colorless solid, ’H NMR 5 3.77 (s, 
MeO . .OMe 3H, CO,Me>. 3.52 (s, 3H, OMe), 3.43-3.33 (m, IH), 
JjMe 3.27 (s, 3H, OMe), 3.03-2.97 (m, IH), 1.74-1.65 
(tn, IH), 1.63-1.53 (m, 4H), 1.51-1.45 (m, IH); 
'■’C NMR 5 168.1 (-0-C-0), 166.0 (-0-CO), 
111.4, 86.4 (bridgehead, C-C 02 Me), 75.6 (bridgehead, C-Cl), 53.0 
(CO , Me) . 51.46 (OMe), 51.41 (OMe), 48.3, 48.0, 26.5, 25.9, 24.8; IR 
(KBr) 2900, 1800, 1730, 1460 cm’'; Anal, calcd. for C„H, 7 CI 06 : C 
5 1 .24, H 5.62; Found: C 5 1 .27, H 5.64. 


Tricyclic lactone 52i: Yield: 98%; color!^ solid, mp 120-122 ®C; ‘H 
MeO^OMc NMR 8 3.87 (s, 3H, CO,Me). 3.65 (s, 3H, OMe), 
.co,Me 3 5o_3 48 3 2g 3^^ QMe), 3.18-3.12 



0 '-^ Br \__/ 1.83-1.55 (m, 6 H); ‘-'C NMR 3 168.0 (- 

0-C=O), 166J (-0-C*O), 111.8, 86.8 (bridgehead, C-C 02 Me), 67.6 
(bridgehead, C-Br), 53.1 (C 02 MS), 51.7 (OMe), 51.5 (OMe), 49.3, 
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49.0, 26,5, 26.4, 24.9; IR (KBr) 2900, 1800, 1730, 1460 cm''; Anal, 
calcd. for C.jHnBK)*: C 44.72, H 4.91 ; Found: C 44.75, H 4.94. 


Diquinane derivative 50i: Yield: 70%; colorless solid, mp 92-94 “C; 

^ OMe), 3.53 

3.25-3.19 (m, 2H), 2.15-2.10 (m, 2H), 
1.72-1.66 (m, IH), 1.56-1.49 (m, 2H), 1.30-1.20 (m, 
IH; ' ' '^C NMR 3 167.8 (2C, -C=0), 110.9, 74.8 (2C), 56.3 
(2C), 53.4 (2C, C02Me), 52.5 (OMe), 52.3 (OMe), 33.2 (2C), 26.3; IR 
(KBr) 2900, 1720, 1440, 1200, 1000 ctn’'; Anal, calcd. for 
CuHzoCbOft: C 47.34, H 5.67; Found: C 47.30, H 5.69. 


Diquinane derivative 188: Yield: 62%; colorless solid, mp 138-140 
“C; 'H NMR 3 3.86 (s, 3H, OMe), 3.77 (s, 6H, OMe), 3.55 (s, 3H, 
^ omb OMe), 3.30-3.24 (m, 2H), 2.17-2.10 (m, 2H), 1.74- 
Meo,c Vp ro,Me 1 .59 (m. 1 H), 1 .25-1 . 1 7 (m, 2H), 0.94 (d, 1 H, J = 
"7 \ 6.4 Hz, Me), 0.984).92 (m, 2H, merged with Me 

doublet); '^C NMR 3 167.2 (2C, 0-C=O), 110.9, 74.8 

Me 

(2C), 56.4 (2C), 53.4 (2C, C aMeV 52.6 (OMe), 52.3 (OMe), 

41.4 (2C), 34.4, 18.3 (Me); IR (KBr) 2900, 1740, 1430, 1220, 1060 cm’ 
'; Anal, calcd. for CijHizCliOs: C 48.79, H 6.01, Found: C 48.81, H 
6.04. 
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Tetrchloro derivative 189: Yield: 57%; colorless solid, mp 128-130 
“C; 'H NMR 5 3.59 (s, 3H, OMe), 3.55 (s, 3H, OMe), 3.47 (d, 1 H, J = 
7.6 Hz), 3.37-3.30 (m, IH), 3.03 (dd, m,J= 10.0, 7.3 Hz), 2.28 (br s, 
IH, OH, D 2 O exchangeable), 2.00 (dd, IH, 7 = 14,0, 8.3 Hz), 1.24 (s. 



Keto aldehyde 190: Yield: 11%; colorless solid, mp 98-100 "C; ’H 
NMR 5 9.76 (s, I H, CHO), 3.60 (s, 3H, OMe), 3.57 (s, 3H, OMe), 3.30 
Mco^.oMe IH,J= 11.5,4.2,3.2Hz),2.99(dd, IH,J« 17.4, 

2.8 Hz), 2.19 (s, 3H, Me), 2.15-2.13 (m, IH), 2.10-2.08 
(m, IH); '-’C NMR 6 206.1 (-0=0), 196.9 (CHO), 
130.7, 130.2, 111.5, 77.3, 76.5, 52.9, 52.8, 51.6, 44.5, 

43.0, 29.9. IR (KBr) 2850, 1700, 1600, 1400, 1360, 1240 cm’'; Anal, 
calcd. for CisHuCIA: C 41.52, H 3.75; Found: C 41.55, H 3.78. 



Acetonide 191: Yield: 80%; cobrless solid, mp 68-70 ®C; 'H NMR 5 


(dd, IH, J= 15.8, 10.0 Hz), 1.60 (dd, IH, J- 
15.8, 5.9 Hz), 1.46 (s, 3H, Me), 1.38 (s, 3H, 
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Me), 1.34 is, 3H, Me); ’^C NMR 8 130.6, 129 3. 114 9. Mil 9i -i. 
86.3, 78.1, 76.5, 62.5, 53.8, 52.5, 51.7, 39.2, 28.7. 28 2. 25 8. IR fKHr| 
2850, 1600, 1440, 1260 cm '; Anal, calcd. for C,*Hj«c:i *04 ( 45 IT. H 
4.66; Found: C 45.37, H 4.58. 


Diketone 192: Yield: 91%; colorless solid, mp 80 "C; 'M NMR 8 4 01 



buried under Me), 1.25 (s, 3H, Me); '^C NMR 8 188 7 ( C -O). 188 M 


C=0), 1 11.9, 104.5, 92.0, 85.7, 79.3, 78.1, 57 3. 52 6. 52 2. 48 0. lo 4. 
28.8, 27.9, 25.6; IR (KBr) 2900, 1750, 1440, 1360. 1200 cm '. ^n»\ 
calcd. fbr CwHidCliOft; C 50.67, H 5.32; Found: C 50.69, H 5.34 


Diquinane derivative 193: Yield: 89%; coloriess solid, mp 19 X. 'H 

OMe), 3.68 (s, 3H, OMe), 3.29 (s, 3H, OMe). 3.3t-3 27 
(m, IH, buried under OMe), 2.33 (dd. IH. J • 13 5. 7 0 
Me^ / ! -99 (t, 1 H, J « 1 2.8 Hz), 1 .55 (s. 3H. Me). 1 .38 {%. 

3H, / Me), 1 .35 (s, 3H, Me), 1 .36- 1 .34 (m, I H, buried urnfar 

Me); '^C NMR 8 167.7 W-O), 167.5 (-OC-O), 1 1 1.S, 109.1, 92.1. 
87.1, 77.7, 75.0, 64.9, 53.9, 53.1, 53.0, 52.9, 52.4, 42.7, 21.6. 21.4, 
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24.7; IR (KBr) 2900, 1720, 1420, 1360, 1260 cm '; Anal, calcd. for 
CigHzfiCbOg: C 48.99, H 5.94; Found: C 48.95, H 5.89. 


Diketone Ik: Yield: 97%; yellow crystals (CHaCb-hexane), mp 140- 



bridgehead), 52.5 (OMe), 52.0 (OMe), 47.8 (2C), 30.2, 28.8 (2C), 25.1 
(2C); IR (KBr) 2850, 1780, 1430, 1360, 1340 cm’'; Anal, calcd. for 
C, 4 H, 8 Cl 204 : C 52.35, H 5.65, Found: C 52.40, H 5.67. 


Diketone 2k: Yield: 91%; yellow crystals (CHiCb-hexane), mp 170- 



bridgehead), 52.8 (OMe), 52.2 (OMe), 49.0 (2C), 30.1, 28.9 (2C), 25.7 
(2C); IR (KBr) 2900, 1780, 1440, 1300, 1280, 1200 cm’*; Anal, calcd. 
for C, 4 H,gBr 204 : C 41.00, H 4.42, Found: C 41 .04, H 4.40. 


l,9-Dichloro-13,13-diniethoxy-ll-oxa-tricyclo{73.i.0^'‘]trideaiae- 
10,12>diotte 194: Yield: 77 %; colorless solid, mp 120 ®C; 'H NMR 
53.80 (s, 3H, OMe), 3.58 (s, 3H, OMe), 2.88-2.84 (m, 2H), 2.05-1.96 



('Impier 7 




(m,4H), 1.86-1.83 (m, IH), I 21-1 IO(m. 5H). 

O-CO). 102 5. 79 9 


”( NMR A I A! • 
( 2 C', hridjrrfw^l- 



(OMc). 53J (OMc). 50 5 (20. 70 V 2** 
(2C). 28.4 (20, m (KBr) 2*50. 1*20. 

1440 cm '; Anal, calcd for M*- < 

49.87,H5.38.FouikI C49 9I.H5 74 


l>Diclitoro-2^-^iimellioxy-decaM”»“*«il«w- * 3*<l»<»rtni*ylk 
acid dimethyl ester 50k: Yield: 71%; 'H NMR 6 3 80 (t, 1M. ffMci. 
^\^c\ COjMs). 3.00 (s. 3H. OMe). 2 97 2 91 (m, 

2H), 1.9M.80{m, 5H), 1.30-1 I9(m. 3M). I I2l0i(t«, 
\~~J 2H); "C NMR 6 167.9 {2C. fMM)}. 107 7, ?« ' CV . f 
Cj), 54.0 (2C, COiMs). S3.S (OMc). 53 S (OMc). 52 7 (2c >. 
31.1, 29.7 (2C), 25.6 (2C); IR (KBr) 2850, 1 700. 1430. 1 360. 1 340 cm 
Anal, calcd. for C,»HmCIA: C 50.14, H 6.31, Found: € 50 19. M 
6.35. 


Tricyclic lactone 5Ik: Yield: 92%; colorless solid, mp 124 *t‘, "M 
NMR 5 3.86 (s, 3H, COiMfi), 3.63 (s, 3H, OMc). 3 37 (». 3H. OMe). 

Meo OM* 3 15 (jjjid, IH, J= 12.7, 10.9. 3 8 (k). 2 66 (m. IH). 

A^co.m« 

2.02-1.95 (m. 3H), 1.83-1 82 (m. IH). I 53-1 39(m. 
2H), 1.22-1.01 (m. 4H); ’’C NMR 6 167 7 (-O- 
CO), 166.1 (-O-CO), 108.4, 87.8 (brtdg»h«d. C - 

COiUt), 76.8 (bridgehead, C-CI), 53.1 (COiMfi). 51 61 (OMc). 5) 55 
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(OMe), 47.6, 46.2, 30.6, 28.7 (2C), 25.4, 24.7; JR (KBr) 2900, 1800, 
1740, 1420, 1300, 1200 cm"'; Anal, calcd. for CisHjiClOe: C 54.14, H 
6.36; Found: C 54.19, H 6.39. 

Tricyclic lactone 52k; Yield: 97%; colorless solid, mp 138-140 °C; 'H 
NMR 5 3.86 (s, 3H, CO ,Me> . 3.67 (s, 3H, OMe), 3.37 (s, 3H, OMe), 
Meo OMe ^ ^ ^ 1 H, J = 1 2.3, 1 0.6, 3.5 Hz), 2.68 (dt, 1 H, J 

/\^COjMe 

oj^ = 1 1 .8, 2.4 Hz), 2.02-1 .95 (m, 3H), 1 .83-1.8 1 (m, 1 H), 
0^ 1.57-1.40 (m, 2H), 1.25-1.04 (m, 4H); '*C NMR 5 

1 67.5 (-0- C=0), 1 66.2 (-O-CO), 1 08.4, 88.2 (bridgehead, C- 

COzMe), 69.7 (bridgehead, C-Br), 53.1 fCO ,Mel . 51.61 (OMe), 51.58 
(OMe), 48.3, 46.8, 30.5, 28.8 (2C), 26.1, 24.7; IR (KBr) 2900, 1800, 
1740, 1430, 1300, 1190 cm’'; Anal, calcd. for CisHiiBrOs: C 47.76, H 
5.61; Found: C47.80,H 5.64. 
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Chapter 3A 

Regio- and Diastereoseleetive Reduction of Non-«no)izable a- 
Diketones to Acyloins Mediated by Indium Metal 

General procedure for the Indium mediated reduction of <t- 
diketones: A mixture of a-diketone (0.3 mmol), indium mcfal (06 
mmol, cut into small pieces) and NH^Cl (0.9 mmol) in McOH (4ml) 
and water (1ml) was refluxed for the specified time (Table 1, 2 and 
Scheme 1). After completion of the reaction, as monitored by tic. the 
reaction mixture was quenched with 3 ml of 5% HCI and extracted with 
ethyl acetate. Combined organic layer was washad once with hrinc and 
dried over anhydrous Na 2 S 04 . Concentration followed by silica gel 
column chromatography gave the acyloins in the specified yields. 


General procedure for the cleavi^^ of acyloins: To a stirred solution 
of the acyloins (0.2 mmol) in MeOH (3iiil) and benaaene (I ml) wss 
added Pb(OAc )4 (0.5 mmol) in portions over a period of 1 5 min. si 
room temperature. After stirring for the required time (monitored by tic. 
Scheme 2), 3 ml of water was added and reaction mixture extracted 
with ethyl acetate. Combined organic layer was washed with water, 
once with dil. NaHCOj solution, once with brine and dried over 
anhydrous Na 2 S 04 . Concentndion followed by silica fsl 
chromatography of the crude yielded the pure eyclopmiaiw 
carboxaldehydes. 
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Spectral Data For Monosubstitated Acyloins; 

H 

X=€l, 196a-f,u X«C1, 197l)-r, u 

X=Br, 198a-d,u X-Br, I99*-d.u 

The carbinol hydrogen is assigned as C 2 in all the mono and 
disubstituted acyloins to observe the long range, W-Coupling range 
(0.7-2.4 Hz) between the carbinol exo-hydrogen at Cz with respect to 
the exo hydrogen on the carbon Ce (C 2 and C 6 are in 1 ,3- relation) and 
also to compare the of 'H NMR (400 MHz) values of exo and endo 
protons on the carbon €& and C 5 with those of the parent a-diketone 
(the comparison table (Table 2) is given under results and discussion of 
this chapter) to assign the regioselectivity for the formation of major 
isomer. 




Acyloin 196a: Yield 100%, colorless solid, mp 10&-108 °C, 'H NMR 5 
7.29-7.26 (m, 5H, aromatic), 4.56 (br s, IH), 3.79 (s, 3H, OMe), 3.74 
Meo OMc IH, J=\2.2, 5.6 Hz, C(5)H«o). 3.73 (br s, IH, 
”'V- D 2 O exchangeable, OH), 3.65 (s, 3H, OMe), 2.92 (dd, 
lH,J5=13.1,5.6Hz,C(6)H«Kio).2.67(dt,lH,>13.i, 1.9 

O'^HO * I ' 

Ph Hz, C(6)Hexo); '^c NMR 5 200.3 (C-0), 134.9, 129.4, 
128.2, 127.9, 103.3, 82.0, 78.3 (carbinol C), 69.7, 51.8 (OMe), 51.7 
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(OMc). 48.7, 34.4; IR (KBr) 3500, 2950, 1 770, 1 100 cm '; Anal. Calcd. 
for CisHieCIA : C 54.40, H 4.87 ; Found C 54.4 i , H 4.90. 


Acyloin 196b, 197b: Yield 100%, mixture of tegioisomers (71:29). 
Major isomer 196b: colorless solid, mp 102-104 ‘'C, 'H NMR 5 4.46 
MeO oMe >6.2, 1.6 Hz, carbifiol H), 4.13(dd, IH, 

>9.5, 2.2 Hz, C(5)H««), 3.68 (s, 3H, OMe), 3.67 (dq, 
IH, merged with OMe), 3.59 (s, 3H, OMe). 3.52 (dq, 
1 H, >9.0, 7. 1 Hz, -O-CHj), 2.98 (d, I H, > 6.2Hz, DjO exchangeable, 
OH), 2.63(ddd,> 13.1,9.5, 1.6z.C(6)H««„2.48(dd,>13.1,2.2Hz, 
C<6)H«rfo), 1.13 (t, 3H,>7.1Hz, Me); '^C NMR 8 197.5 (CO), 103.1 
(Ct), 80.9, 80.1, 79.0, 69.4, 66.7, 51.9, 51.8, 36.9, 15.1; lR(KBr)3400, 
2900, 1780, 1440 cm*'. Anal. Calcd for CnHisCliOs: C 44.17, H 5.39; 
Found: C, 43.87, H 5.10. 

Minor isomer 197b: colorless solid, mp 113-1 15®C 'H NMR 84.70 (d, 
IH, >11.0Hz. carbinol H), 4.45 (dd. IH, >11.0, 2.2 Hz, -O-CH2), 
o 4.39 (td, IH. >9.8, 2.2 Hz, C(6)H«.„), 3.66 (s, 3H, 

£« Cl oa (dd, !H, > 13.3, 9.6 Hz, C(5)Hexo), 196 (dd, IH, > 
13.3, 2.7 Hz, C(5)H«*,), 1.23 (t, 3H,>7.0 Hz, Me); '^C NMR 8 201.1 
(C-O), 102.5 (C7), 83.4, 81.1, 74,3, 70.2, 67.7, 51.8, 51.7, 40.4, 15.1; 
IR(KBr) 3500, 2950, 1720, 1380 cm*'. Anal. Calcd for CuHieCbOs: C 
44. 1 7, H 5.39; Found: C 44.23, H 5.42. 



258 


Experimental Section 


Acyloin 196c, 197c: Yield 84%, inMsparable mixture of regioisomers 
(93:7), colorless solid, mp 86-87 ®C; IR (KBr) 3300, 2900, 1 760, 1690, 
1200 cm"'; Anal. Calcd for CjaHieCbO*: C 44.06, H 4.92; Found C 


MeO 



OAc 


44.20, H 5.18. 

Major isomer 196c: 'H NMR 5 4.43 (dd, IH, ,/=5.1, 1.7 Hz, carbinol 
H), 4.10 (dd, IH, >1 1.8, 4.6 Hz), 3.96 (dd, IH, >1 1 .8, 6.6 Hz), 3.70 
(s, 3H, OMe), 3.62 (s, 3H, OMe), 3.43 (d, IH, ,A=5.1 
.Cl Hz, DjO exchangeable, OH), 2.88-2.81 (m, IH, 
C(5)H«o), 2.46 (dd, 1H,,^=12.8, 5.6 Hz, C(6)He^), 2.40 
(dt, IH, >12.8, 1.7 Hz, C(6)He^), 2.03 (s, 3H, 
OCOMe); '^C NMR 5 200.1 (CO), 170.6 (OCO), 102.9, 78.4, 78.3, 
69.6, 6 1 .6, 5 1 .8, 5 1 .6, 4 1 .9, 3 1 .2, 20.6. 

Minor isomer 197c: 'H NMR 5 4.62 (br s, IH, carbinol H), 4.47 (dd, 
MeO ^ OMc 1 H, >11 .6, 3.4 Hz), 4.37 (dd, 1 H, >1 1 .6, 9.7 Hz), 
3.70 (s, 3H, OMe), 3.62 (s, 3H, OMe), 3.04-2.96 (m, 
1 H, one of J is 1 .7 Hz, C(6)Hexo). 2.6 1 (t, 1 H, > 1 3. 1 Hz, 
C(5)Hexo), 2.06 (s, 3H, OAc), 1.84 (dd, IH, >13.1, 
5.6 Hz, C(5)He„do); '^C NMR 5 201.6 (CO), 171.4 (O-CO), 102.7, 
79.9, 74.7, 72.3, 64.7, 51.8 (OMe), 51.7 (OMe), 42.9, 37.6, 20.9. 

For both the isomers 196c, 197c >1.7 Hz for C(2)Hexo and C(6)Hendo 
was confirmed by decoupling experiments. 
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Acyloin 196d,197d: Yield 90%, mixture of regioisomers (70:30) in 
THF-H 2 O. 


Major isomer 196d: colorless solid, mp 97-99 °C, 'H NMR 5 5.35 (dd, 
1 H, ..^1 0.2, 3.2 Hz, C(5)Hexo), 4.52 (dd, 1 H, 7=4.6, 2.2 Hz, carbinol H), 
3.71 (s, 3H, OMe), 3.62 (s, 3H, OMe), 3.48 (d, IH, >4.9 Hz, DjO 
exchangeable, OH), 2.76 (ddd, IH, >13.6, 10.2, 2.2 Hz, C(6)Hexo), 



2.48 (dd, IH, >13.6, 3.2 Hz, C(6)He„do), 2.06 (s, 3H, 
Cl OCOMe); '^C NMR 5 197.5 (C=0), 170.1 (O-C=0), 
102.7, 78.7, 78.3, 73.3, 69.1, 51.9, 51.8, 35.9, 20.6; IR 


OAc (KBr) 3300, 2900, 1760, 1700, 1360, 1200 cm''; Anal 


Calcd. forCiiHuClzOs: C 42.19, H 4.51; Found; C 41.93, H 4.89. 
Minor isomer 197d; (from the mixture) 'H NMR 5 5.54 (ddd, IH, 
7=10.1, 3.2, 1.8 Hz, C(6)H«o), 4.61(dd, 1H,>1.8 Hz, 
carbinol H), 3.69 (s, 3H, OMe), 3.65 (s, 3H, OMe), 2.97 
(|>H Cl (dd, IH, >14.0, 10.1 Hz, C(5)Hexo), 2.16 (s, 3H, 
OCOMe), 1.89 (dd, IH, >14.0, 3.2 Hz, C(5)He„do); '^C NMR 6 200.5 



(C=0), 169.3 (0-C=0), 102.6, 80.9, 76.9, 73.9, 70.2, 52.0, 51.8, 40.3, 
20 . 8 . 


Acyloin 196e, 197e; Yield; 96%, mixture of regioisomers (81:19). 
Major isomer 196e; colorless solid, mp 100-101 °C, 'H NMR 8 4.37 
(dd, IH, 7=4.2, 2.0 Hz, carbinol H), 3.67 (s, 3H, OMe), 3.58 (s, 3H, 
OMe), 3.03 (d, IH, 7=4.2 Hz, OH, DjO exchangeable), 2.38 (dd, IH, 
>12.3, 6.8 Hz, C(5)Hexo), 2.25 (dt, IH, >12.5, 2.0 Hz, C(6)Hexo), 1-95 ' 
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(dd, IH, ^12.9, 6.8 Hz, C( 6 )He,Kio), 0.0 (s, 9H, SiMcj); '*C NMR 6 


MeO 

H,. 


O HO c, 


201.9 (C=0), 103.0, 79.1, 78.2, 70.1, SI. 7, 51.4, 31.2, 
.Cl 30.2, -1.96; IR (KBr) 3400, 2900, 1760, 1440, 1200 cnf 
^ Anal. Calcd for CuHzoClASi: C 44.04, H 6. 1 6; Found 
SiMe, C 43.97, H 6.20. 


Minor isomer 197e: colorless solid, mp. 1 19-121 *H NMR S 4.57 
MeO^^OMe carbinol H), 3.72 (s, 3H, OMe), 3.61 (s, 3H, 

OMe), 2.89 (d, IH, J=42 Hz, OH, DjO exchangeable), 
5 .^^^ 2.47 (t, IH, >12.7 Hz, C(5)H„o), 2.03 (ddd, IH, 
>13.1, 6.1, 2.0 Hz, C( 6 )He«,), 1-75 (dd, 1 H,> 12 . 1 , 6.2 Hz, C(6)H«k1o), 



0.08 (s, 9H, SiMes); '^C NMR 5 203.1 (C=0), 103.8, 80.3 (carbinol C), 
76.0, 75.0, 54.0, 52.3, 34.9, 30.8, 0.00; IR (KBr) 3400, 2900, 1750, 
1420, 970 cm Anal. Calcd for Ci 2 H 2 oCl 204 Si: C 44.04, H 6.16; 
Found C, 44.1 8, H 6.02. 


Acyloin 196f,197f: Yield 76%, mixture of regioisomers (65:35). 

Major isomer 196f: colorless viscous liquid, 'H NMR 5 4.43 (dd, IH, 
>8.9, 1.7 Hz, carbinol H), 3.77 (br s, IH, OH, 020 exchangeable), 

McO ^ 0M€ 

3.75 (s, 3H, OMe), 3.72 (s, 3H, OMe), 3.61 (s, 3H, 
OMe), 3.41 (dd, 1 H, >1 1 .5, 4. 1 Hz, C(5)Hexo), 2.64 (dd, 
° CO, Me IH, >12.9, 4.1 Hz, C(6)He,oX 2.55 (dt, IH, >12.9, 


1.7 Hz, C( 6 )H,«to); '^C NMR 5 198.6 (CO), 173.3 (O-CO), 103.1, 
79,0 (^p), 69.4, 53.4 (OMe), 52.0 (OMe), 51.8 (OMe), 48.7, 32.0; IR 
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(KBr) 3300, 2900, 1760, 1700, 1370,1200 cm''; Anal. Calcd for 
CiiHuClzOs: C 42.19, H 4.51; Found C 42.37, H 4.57. 


Minor isomer 197f: colorless solid, mp 122-124 °C, 'H NMR 5 4.59 
MeO OMe (d, IH, J=5.6 Hz, carbinol H), 3.75 (s, 3H, OMe), 3.71 
(s, 3H, OMe), 3.67 (d, IH, >6.1 Hz, OH, DzO 
exchangeable), 3.63 (s, 3H, OMe), 3.49 (dd, IH, 
>10.4, 6.7 Hz, C(6)Hexo), 2.56-2.48 (m, 2H); '^C NMR 8 200.3 (C=0), 


172.0 (0-C=0), 103.1, 79.8, 73.9, 71.9, 52.8 (OMe), 51.9 (2C, OMe), 
45.5, 34.2; IR (KBr) 3400, 2900, 1760, 1700, 1360,1340 cm’*; Anal. 
Calcd. for CuHuClzOfi: C 42.19, H 4.51; Found C 42.22, H 4.53. 


Acyloin 196u,197u: Yield 99%, inseparable mixture of regioisomers 
(80:20), colorless solid, mp 98-99 °C; IR (KBr); 3300, 2900, 1760, 
1380, 1 180, 1040 cm-'; Anal. Calcd for CnH, 6 Cl 205 : C 44.17, H 5.39; 
Found C 43.98, H 5.12. 

Major isomer 196u: 'H NMR 8 4.30 (dd, IH, >10.7, 1.2 Hz, carbinol 
H), 3.94 (d, IH, >10.7 Hz, DjO exchangeable, OH), 
3.70 (s, 3H, OMe), 3.59 (s, 3H, OMe), 3.54 (dd, IH, > 
10.3, 3.5 Hz), 3.38 (dd, IH, > 10.3, 2.0 Hz), 3.25 (s, 3H, 
OMe), OMe 2.69 (m, IH, C(5)Heco), 2.43-2.36 (m, 2H, one of the 
>1.4 Hz); '^C NMR 8 199.7 (C=0), 102.9, 79.1 (carbinol C), 74.6, 
70.3, 67.9, 58.8 (OMe), 51.9 (OMe), 51.7 (OMe), 44.6, 29.7. 
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Minor isomer 197u: 'H NMR 8 5.51 {d, IH, Hz, D^O 

JvicO ON4c 

^ Y ^ exchangeable, OH), 4.5 1 (qt, 1 H, J* 1 1 .7, 0.7 Hz, carbinol 
H), 3.88 (dd, I H, J*10.7, 1 .7 Hz), 3.70 (s, 3H, OMe), 3.63 
OH Cl \ (s, 3H, OMe), 3.44 (s, 3H, OMe), 3.40-3.36 (m, IH, 

OMc 

buried under peaks of major isomer), 2.88 (tddd, IH, 12.1, 6.1, 4.6, 
1.7 Hz, C(6)H«o), 2.46 (dd, IH, J=12.7, 1.4 Hz, C{5)H„o), 2.06 (dd, 
IH. ,^=12.7, 6.1 Hz, C(S)H«mo); ”C NMR 8 202.0 (C=0), 103.1, 79.5 
(carbinol C), 78.9, 73.3, 67.2, 59.3, 51.7 (OMe), 51.6 (OMe), 43.3, 
32.9. 


Acyloin 198a: Yield 91%, colorless solid, mp 1 15-1 18 "C, 'H NMR 5 
7.31-7.23 (m, 5H, aromatic), 4.58 (br s, IH, carbinol H), 3.84 (s, 3H, 
M«o OMe OMe), 3.78 (dd, IH,>12.2, 5.9 Hz, C{5)He,o), 3.71 (s. 

3H, OMe), 3.34 (br s, 1 H, DjO exchangeable, OH), 2.98 
(dd, m. >13.1, 5.6 Hz. C(6)H,^), 2,76 (ddd, IH, 
>13.1, 12.2, 2.2 Hz, C(6)He*o); '^C NMR 8 200.4 (C-O), 135.3, 1 29.5, 
128.1, 127.9, 103.5, 79.0 (carbinol C), 75.9, 61.6, 52.0 (OMe), 
51.8(OMe), 50.2, 36.4; IR (KBr) 3500, 2950, 1750, 1 100 cm’’ ; Anal. 
Calcd. for C,sH, 4 Br 204 : C 42.89, H 3.84; Found C 42.78, H 3.92. 

At^loin 198b, 199b; Yield 83%, mixture of regioisomers (81:1 9). 
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Major isomer 198b: colorless solid, mp 100-102 ”C; 'H NMR 8 4.49 

MeO ^ ^ OMe 

H X Br carbinol H), 4. 1 7 (dd, 1 H, J=9.5, 

V/^ 2.7 Hz, C(5)Hexo), 3.73 (s, 3H, OMe), 3.67 (qd, IH, 
Br J=9J, 7.1 Hz), 3.64 (s, 3H, OMe), 3.54 (qd, IH, >9.7, 

7.1 Hz), 2.99 (d, IH, > 6.1 Hz, D 2 O exchangeable, OH), 2.70 (ddd, IH, 
>13.2, 9.5, 2.0 Hz, C( 6 )Hexo), 2.54 (dd, IH, >13.2, 2.7 Hz, C( 6 )He„do), 
1.14 (t, 3H, >7.1 Hz, Me); '^C NMR 5 197.5 (C=0), 103.1, 81.3, 79.7, 
73.2, 66.8, 61.0, 52.0 (OMe), 51.9 (OMe), 38.5, 15.1 (Me); IR (KBr) 
3300, 2850, 1760, 1200 cm '; Anal. Calcd for CnHisOsBrj: C 34.05, H 
4.16; Found C 34.01, H 4.14. 

Minor isomer 199b: colourless solid, mp 107-109 °C, 'H NMR 54.69 
(d, IH, >11.0 Hz, Carbinol H), 4.44-4.41 (m, 2H, one of the >1.5 
MeO OMe Hz), 3.71 (s, 3H, OMe), 3.67 (s, 3H, OMe), 3.64 (q, 
2H, >7.1 Hz), 2.80 (dd, 1 H, >1 3.4, 9.0 Hz, C(5)Hexo), 
” Hz, C(5)Hendo), 1.23 (t, 3H, 

OH Br OE, ^ ,3^ § 201.2 (C=0), 102.5 (C 7 ), 

85.1 (C 2 ), 81.8 (Cfi), 67.7, 66.5, 62.2, 51.9 (2C, OMe), 41.9, 15.1; IR 
(KBr) 3250, 2800, 1760, 1200 cm"'; Anal. Calcd for C„H,605Br2: C 
34.05, H 4.16; Found C 33.96, H 4.21. 


Acyloin 198c,199c: Yield 68%, colorless viscous liquid, inseparable 
mixture of regioisomers (85:15). IR (KBr) 3400, 2950, 1740, 1200 cm' 
'; Anal. Calcd for Ci2H,6Br206: C 34.64, H 3.88; Found C 34.57, H 


3.76. 
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Major isomer 198c: 'H NMR 8 4.46 (br s, carbinol H), 4.13 (dd, IH, 

1 .7, 4.4 Hz), 3.95 (dd, 1 H. >11 .7. 6.6 Hz), 3.75 (s, 3H, OMe), 3.67 
(s, 3H, OMe), 2.88 (m, IH, C(5)H„„), 2.54 (dd, IH, 
>12.8, 5.4 Hz. C( 6 )H«,*,), 2.48 (dt, IH. >12.8, 2.0 
O' HO Br Hz, C( 6 )H««), 2.03 (s, 3H, OCOMe); '*C NMR 8 200.2 
(CO), 170.7 (O-CO), 102.9, 79.0, 71.4, 64.8, 62.1, 52.0 

(OMe), 51.7 (OMe), 43.3, 33.0, 20.6. 

Minor isomer 199c; 'H NMR 8 4.63 (br s, IH, carbinol H), 4.50 (dd, 
1H,>1 1.7, 3.4 Hz), 4.35 (dd, 1H,>1 1.7, 9.5 Hz), 3.75 (s, 3H, OMe), 
MeO Y OMe 3 57 3 H, OMc), 3.07-2.99 (m, 1 H, one of the >2.0 

Hz, C( 6 )H«,„), 2.66 (dd, I H, > 1 3 .2, 1 1 .9 Hz, C(5)H«o), 
2.05 (s, 3H, OAc), 2.01 (br s, IH. OH), 1.90 (dd, IH, 
>13.2, 5.4 Hz, C(5)H«d„); '^C NMR 8 201.5 
(CO), 171.0 (O-CO), 103.0, 80.8 (carbinol C), 66 . 6 , 64.4, 61.2, 
5 1 .98 (OMe), 51 .9 (OMe), 44.5, 39.2, 20.9. 



Acyloin 198d,199d: Yield 85%, mixture of regioisomers (80:20) in 
THF-H 2 O. 


Major isomer 198d; Yield 63%, colorless solid, mp 95-96 ®C, *H 

MeO OMe ^ ("», 1 H, C(5)H«o), 4.54 (dd, 1 H, >4.3, 

X-Br 2.1 Hz, carbinol H), 3.75 (s, 3H, OMe), 3.66 (s, 3H, 
OMe), 3.44 (br s, IH, OH), 2.86-2.80 (m, IH, C( 6 )H*«,), 
OAc 2.54 (dd, 1 H, >13.6, 3.2 Hz, C( 6 )H«dc), 2.06 (s, 3H, 
OCOMe); '^C NMR 5 197.4 (CO), 170.0 (O-CO), 102.9, 79.2 



^ HO Br 
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(carbinol C), 74.6, 71.1, 60.4, 52.1 (2C), 37.6, 20.7; IR (KBr) 3350, 
2900, 1740, 1710, 1420; Anal. Calcd for CnHuBrjOe: C 32.86, H 3.51, 
Found C 32.91. H 3.40. 


Minor isomer 199d: (From the mixture) ’H NMR 5 5.56 (dd, IH, 
J=10.0, 2.0 Hz, C(6)Hexo), 4.57 (m, IH, one of the >=2.0Hz, carbinol 
H), 3.74 (s, 3H, OMe), 3.70 (s, 3H, OMe), 3.01 (dd, IH, .^14.1, 

MeO^ .OMe 


Br 



lO.OHz, C(5)Hexo), 2.16 (s, 3H OCOMe), 1.95 (dd, IH, 
>=14.1, 2.7 Hz, C(5)He„do); '^C NMR 5 200.6 (C=0), 
169.0 (0-C=0), 103.5, 78.3, 74.9, 67.6, 61.7, 51.98 


OH Br 

(OMe), 5 1 .96 (OMe), 41 .8, 22.6. 


Acyloin 198f,199f: Yield 68%, mixture of regioisomers (68:32). 
Major isomer 198f: separated from the mixture by crystallization in 
CHCls-Hexane, colourless solid, mp 125-126 “C, 'H NMR 6 4.47 (dd, 

MeO OMe carbinol H), 3.758 (s, 3H, OMe), 

H, 3.75 (s, 3H, OMe), 3.66 (s, 3H, OMe), 3.47 (dd, IH, 

>1 1.2, 4.1 Hz, C(5)Hexo), 2.70 (dd, IH, >13.2, 4.1 Hz, 
CO, Me C(6)He„do), 2.62 (dt, IH, >11.2, 2.0 Hz, C(6)Hexo; 



'■'C NMR 5 198.6 (C=0), 173.3 (0-C=0), 103.4, 79.7, 70.7, 60.7, 53.4 
(OMe), 52.3 (OMe), 52.0 (OMe), 50.4, 33.9; IR (KBr) 3300, 2900, 
1760-1700 (br) cm*'; Anal. Calcd for CnHuBriOs: C 32.86, H 3.51; 
Found C 32.78, H 3.48. 
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Minor isomer 199f: (from the mixture) 'H NMR 6 4.62 (br s, IH, 
OK, carbine! H), 3.76 (s, 3H. OMe), 3.757 (s, 3H, OMe), 3.69 
Bt (s, 3H, OMe), 3.56 (ddd, IH, >10.8, 6.5, 2.0 Hz, 

C(6)Hea 2.59-2.56 (m, 2H); '*C NMR 5 200.4 (C=0), 
OH Br CO, Me (Q^O), 103.4, 80.8, 65.9, 63.0, 52.9 (OMe), 



52.2 (OMe), 52.1 (OMe), 47.3, 36.2. 

Irradiation of carbinol proton, C(2)Hexo both in 198f,199f resulted in the 
disappearance of W-coupling in C(6)H«o proton. 


Acyloin 200b,c: Yield 75%, inseparable mixture of regioisomem 
(67:33), colourless solid, mp 94-107 X; IR (KBr) 3300, 2900, 1760, 
1200 cm-'; Anal. Calcd for CnHijClA: C 40.06, H 4.93; Found C 
40.21, H 4.89. 

Major isomer 200b: 'H NMR 5 4.50 (d, IH, >7.1 Hz, carbinol H), 
3.74 (s, 3H, OMe), 3.68 (s, 3H, OMe), 3.59 (s, 3H, 

MeO OMe 

H X- ci Me exchangeable, 

^4^ OH), 3.08 (d, IH, >6.1 Hz, C(5)H«o), 2.90 (qn, IH, 
® ciX,Me >7.1 Hz, C(6)HW, 1.39 (, 3H, >7.1 Hz, Me); 
‘*C NMR 5 198.7 (C=0), 171.8 (0-C=0), 103.4, 79.2 (carbinol C), 


77.8, 72.7, 56.4, 53.1, 51.7 (OMe), 51 .6 (OMe), 35.6, 17.6 (Me). 

Minor isomer 200c: 'H NMR 5 4.54 (dd, IH, >6.5, 1.5 Hz, carbinol 

MeO^OMe 

. T „ H), 3.95 (br s, IH, DjO exchangeable, OH), 3.78 (s, 

3H. OMe), 3.68 (s, 3H, OMe), 3.61 (s, 3H, OMe), 3.20 
in lo,Me (4 IH, >7.3 Hz, C(6)H««,), 2.52 (qn, IH, >6.8Hz, 
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C(5)He„do), 1.32 (d, 3H, y=6.8H2, Me); '^C NMR 5 200.1 (C=0), 172.2 
(0-C=0), 103.5, 79.6 (carbinol C), 77.6, 71.3, 54.5, 52.8, 51.6, 51.4, 
38.2, 17.1 (Me). 


Acyloin 201b: Yield 95%, colorless solid, mp 118-120 "C, 'H NMR 6 
7.50-7.48 (m, 2H), 7.28-7.24 (m, 2H), 7.20-7.16 (m, IH), .4.29 (d, IH, 

MeO ^ ^ OMe 

.^2.0Hz, carbinol H), 3.75 (s, 3H, OMe), 3.60 (s, 3H, 


Cl 



OMe), 3.48 (d, IH, .^=12.9 Hz, C(6)He„do), 2.53 (dd, 
O'HO Cl iH, ,^12.9, 2.0 Hz, C(6)Hexo). 1-69 (s, 3H, Me); '^C 


Me 


NMR 5 199.4 (C=0), 143.1, 128.0, 126.8, 126.5, 103.2, 84.7, 77.1, 
69.1, 51.3, 51.2, 46.3, 41.9, 29.9; IR (KBr) 3500, 2950, 1770, 1470, 
1290 1200, 1090, 1040, 960 cm Anal. Calcd for CidHigCaOd'. C 
55.67, H 5.26; Found C, 55.43, H 5.3 1 . 


Disubstituted Acyloins: 

Acyloin 200i; Yield 100%, colorless solid, mp 11 1-1 13 ®C, 'H NMR 5 
4.64 (d, IH, y=1.5 Hz carbinol H), 3.64 (s, 3H, OMe), 3.56 (s, 3H, 
MeO OMe 3.19-3.12 (m, IH, one of the J is 1.7 Hz, 

\ Xci C(6)Hexo), 3.02-2.97 (m, IH, C(5)Hexo), 2.30-2.24 (m, 
IH), 1.67-1.47 (m, 5H); '^C NMR 5 202 (C=0), 
HO 1 05.2, 80. 1 (carbinol C), 79. 1 , 7 1 .2, 5 1 .6, 5 1 .3, 50.4, 

50.0, 25.8, 25.4, 25.2; IR (KBr) 3400, 2900, 1740, 1420, 1400, 900 cm’ 
'; Anal. Calcd for CuHisClzOd: C 48.83, H 5.46; Found C 48.47, H 


5.51. 
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Acyioin 200j: Yield 100%, colorless solid, mp 133-134 "C, 'H NMR 6 
4.62 (d, 1 H, >2 Hz carbinol H), 3.65 (s, 3H, OMe), 3.56 (s, 3H, OMe), 
3.4! (br s, 1 H, DjO exchangeable, OH), 2.74-2.66 (m, 1 H, one of the J 



Hz); '^C NMR 5 201.8 (CO), 103.1, 80.8 (carbinol C), 80.0, 72.5, 51.6 
(2C), 44.5, 43.0, 19.7, 18.9, 18.4, 17.6; IR (KBr) 3400, 2900, 1760, 
1440, 1080 cm '; Anal. Calcd for CijH,^l 204 : C 50.50, H 5.87; Found 
C 49.69, H 5.56. 

Irradiation of carbonol proton, C(2)Hw«, in 200| resulted in the 
disappearance of W-coup!ing in C(6)H«so proton. 

Acyioin 200k: Yield 100%, mpl68-l70 *C, 'H NMR 8 4.55 (d, !H, 
J5=1.7 Hz;, carbinol H), 3.71 (s, 3H, OMe), 3.59 (s, 3H, OMe), 3.12 (br 
s, IH, OH, D 2 O exchangeableX 2.64 (t, IH, >10.9 H), 2.52 (t, IH, 
>11.0 Hz), 1.98-1.94 (m, IHX 1.86-1.80 (m, 2H), 
1.64-1.59 (m, 4H), U8-1.09 (m, 5H); '*C NMR 8 
200.8 (C-OX 102.2, 80.6 (2C), 73.9, 51.74 (OMe), 
51.70 (OMeX 48.1, 46.9, 31.0, 30.7, 25.8, 25.2, 23.4, 21.1; IR (KBr) 
3300, 2800, 1740 , 1420 cm'*; Anal. Calcd for CjsHsACo: C 53.42 H 
6.58; Found C, 52.97, H 6.38. 
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Acyloin 203: Yield 54%, colorless solid, tnp 138-139 °C; 'H NMR 
5 4.66 (br s, IH, carbinol H), 3.75 (s, 3H, OMe), 3.66 (s, 3H, OMe), 
(br s, IH, OH), 2.81-2.74 (m, IH, one of the 
Hz, C(6)Hexo), 2.60-2.52 (m, IH), 2.10-1.99 (m, 
1.79-1.67 (m, 2H), 1.64-1.52 (m, 2H), 1.43-1.33 
IH), 1.26-1.14 (m, IH), 1.07-0.96 (m, IH); '^C 
NMR 5 201.3 (C=0), 103.0, 81.7 (carbinol C), 73.4, 65.6, 51.9 (OMe), 
51.8 (OMe), 46.3, 44.6, 19.9, 19.1, 18.9, 18.2; IR (KBr) 3400, 2900, 
1750, 1100 cm"'; Anal. Calcd. for C, 3 H, 8 Br 204 : C 39.22, H 4.56; 



C39.31,H4.61. 

Irradiation of carbonol proton, C(2)Hexo resulted in the disappearance 
of W-coupling in C(6)Hexo proton. 


Acyloin 204: Yield 13%, obtained as a colorless solid, mp 54-55 °C, 'H 
NMR 5 4.63 (br s, IH, carbinol H), 3.51 (s, 3H, OMe), 3.48 (s, 3H, 
OMe), 2.76 (dd, 1 H, J=5.1, 1 .7 Hz, bridgehead H), 2.70 (br s, 1 H, OH), 

McO . - OMe 

o T ^ 2.69-2.61 (m, IH, one of the .^1.7 Hz, C(6)Hexo), 

2.44-2.35 (m, 1 H), 2.05 (dq, 1 H, J= 13.4, 3.7 Hz), 1 .74- 
1.66 (m, 2H), 1.62-1.58 (m, IH), 1.39-1.33 (m, 2H), 
1.21-1.10 (m, 2H); '^C NMR 5 207.0 (C=0), 105.2, 83.2 (carbinol C), 



67.2, 57.5, 51.3 (OMe), 50.9 (OMe), 45.1, 35.2, 21.2, 19.9, 19.6, 17.9; 
IR (KBr) 3400, 2900, 1740, 1100 cm"'; Anal. Calcd for C, 3 H„Br 04 : C 
48.92, H 6.00; Found C 49.01, H 5.96. 
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Keto lactone 296 : Crude reaction mixture crystallized to give 83%, mp 
165-167 *C, ‘H NMR 5 4.77 (d, 1 H, > 1 .5 Hz. C(2)H«o), 3.90 (d, IH, 
McO^OMe >10.8 Hz, C(S)H„o), 3.74 (s, 3H, OMe), 3.73 (s, 3H, 
if' OMe), 3 .65 (s, 3H. OMe), 3.44 (dd. 1 H, >1 0.8, 1 .9 Hz, 
(co,Me C(6)Hew); '*C NMR 5 188.8 (C-O), 1 7 1.5 (O-C-0), 
166.9 (0-C=0), 101.4 (C?), 83.53, 83.45, 72.1, 53.4 
(OMe), 52.6 (OMe), 52.3 (OMeX 51.1, s49.7; IR 2900, 1 700-1780 (br), 
1420 cm-’; Anal. Calcd for CizHuCIiOt: C 42.50, H 3.57; Found C 
42.04, H 3.65. 



Keto lactone 207; Yield 71%, colorless solid, mp 1 10 "C, 4.63 (d, I H, 
5.4 Hz, C(2)H), 3.71 (s, 3H, OMe). 3.66-3.61 (m, 2H), 3.34 (s, 3H, 
Meo OMe OMe), 3.31 (s, 3H,OMe), 3.23 (dd, IH,>10.0, 5.1Hz), 
3.04 (m, IH); '^C NMR 5 198.7 (C-O), 1 75.0 (0-C=O), 
CO, Me 169.5 (O-C-O), 106.5, 79.8, 54.3, 52.8, 51.6, 50.5, 
o 48.9. 45.5, 4 1 .0; IR (KBr) 2900, 1 760, 1 700, 1 300 cm"' ; 
Anal. Calcd. forCaHiA: C 53.35, H 5.22; Found C 53.21, H 5.16. 



Cydopentane carboxddehyd^: 
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Cyclopentane derivative 213a: Yield 75%, colorless viscous liquid, 
'H NMR 59.56 (s, IH, CHO), 7.34-7.26 (m, 5H, aromatic), 4.05 (dd, 
MeO oMe , jfei3.6, 7.6 Hz, C(5)Hp), 3.80 (dd, 1 H, J= 14.7, 


cu 


►Cl 


MeOjC 


13.6 Hz, C(4)Hp), 3.72 (s, 3H, OMe), 3.49 (s, 3H, 
OMe). 3.33 (s, 3H, OMe), 2.25 (dd, IH, ,^=14.7, 7.6 

r II 

Hz, C(4)Ha); '^C NMR 5 189.1 (CHO), 167.0 (0-C=0), 134.7, 128.3, 
128.2, 110.7, 81.8, 79.6, 53.3, 53.1, 53.0, 52.9, 37.3; IR (neat) 2900, 
1720, 1330, 800 cm Anal. Calcd for CisHigCljOs: C 53.20, H 5.02; 
FoundC 53.12, H 5.09. 


Cyclopentane derivative 213b: Yield 77%, colorless viscous liquid, 
'H NMR 5 9.44 (s, IH, CHO), 4.43 (dd, IH, >10.2, 8.2 Hz, C(5)H„), 
OMe 3.80 (s, 3H, OMe), 3.79 (m, IH), 3.64 (m, 3H, 

3 ^3 3 33 31^^ 3 27 (jd, 

MeOjC yj CHO >.|5.o, 10.2 Hz, C(4)Hp), 2.31 (dd, IH, 
>15.0, 8.2 Hz, C(4)H„), 1.16 (t, IH, >7.1 Hz, Me); '*C 
NMR 5 188.4 (CHO), 166.4 (0-C=0), 108.7, 85.2, 80.4, 78.6, 67.1, 
53.4, 53.1, 53.0, 38.7, 15.3; IR (neat) 2900, 1760, 1700, 1330 cm 
Anal. Calcd for CaHigChOe: C 43.79, H 5.51; Found C 43.85, H 5.62. 


Cyclopentane derivative 213d: Yield 83%, colorless viscous liquid, 
^OMc NMR 5 9.39 (s, IH, CHO), 5.63 (t, IH, >8.4 Hz, 


H 


McO 


Cl^^^X^Cl 

^ C(5)Hp), 3.82 (s, 3H, OMe), 3.70 (s, 3H, OMe). 

MeOjC \ / CHO 

AcO 


3.41(s, 3H, OMe), 3.25 (dd, IH, >15.1, 8.4 Hz, 
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C(4)H|s), 2.56 (dd, 1 H, J=1 5.1, 8.6 Hz. C(4)H«), 2.07 (s, 3H, OMe); '^C 
NMR 5 187.3 (CHO), 169.4 (O-CO), 165.8 (O-CO), 108.4, 77.9, 
77.71, 77.68, 53.5 (OMe), 53.3 (OMe), 53.1 (OMe), 37.5, 20.6; IR 
(neat) 2900, 1 740 (br), 1 7 1 0, 1 380 cm ' . Anal. Calcd for C i 2 H, 6 C 207 : C 
42.00, H 4.70; Found C 41 .96, H 4.64. 

Cyclopentane derivative 213e: Yield 71%, colorless solid, mp 69 ®C, 
•H NMR 5 9.53 (s, IH, CHO). 3.75 (s, 3H, OMe), 3.57 (s, 3H, OMe), 
OMe 3.33 (s, 3H, OMe), 3.01 (t, IH, >14.5 Hz, C(4)Hp), 
2.30 (dd, 1 H, >14.5, 7.3 Hz, C(5)Hp), 1 .95 (dd, IH, 
MeOjC \ — / CHO 2.3 Hz, C(4)H„), 0.08 (s, 9H, SiMcj); ’’C 

NMR 6 190.3 (CHO), 169.0 (O-C-O), 1 12.3, 80.7, 79.7, 53.6, 
53.0 (2C), 38.8, 35.7, -1.6; IR (KBr) 2900, 1720 (br). 1430 cm Anal. 
Calcd forC,.tH 22 Cl 205 Si: C 43.79, H 5.51; Found C 43.85, H 5.62. 


Cych>pentane derivative 21Sb; Yield 78%, colorless viscous liquid, 
'H NMR 5 9.43(s, IH, CHO), 4.55 (t, IH, >8.4 Hz, C{5)Hp), 3.81- 


Br X 3.68-3.62 (m, I H), 

EtO ’H, >14.5, 8.5 Hz, C(4)Hp), 2.52 (dd, IH, >15.5, 

8.5 Hz, C(4)H«), 1.16 (t, IH, >7.0Hz); ’’C NMR 8 187.1 (CHO), 
166.4 (OOO), 108.0, 85.7, 73.1, 72.8, 67.0, 53.8, 53.5, 53.0, 39.3, 
15.3; IR (KBr) 2900, 1720 (fcw'), 1460 cm’’; Anal. Calcd for 
C, 2 H|gBi^«: C 34.47, H 4.34; Found C 34.53, H 4.2 1 . 
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in 


l^DichIoro-8,8-diinethoxy-7“pli«nyI-3-oxa-bicyctol3.2. 1 |octan-2- 
one 214: Yield 25%, colorless solid, mp 140-142 "C, 'H NMR 6 7.32 
OMc aromatic), 4.56 (d, 1 H, J= 1 0.0 Hz), 4.30 (d, 1 H, 

■ Cl J=10.3 Hz), 3.89 (dd, IH, >12.7, 6.8 Hz), 3.85 (s, 3H, 
OMe), 3.67 (s, 3H. OMe), 2.97 (t, 1 H, > !4. 1 Hz), 2.63 
(dd,TH, >14.1, 6,8 Hz); '^C NMR 5 165.1 (0-C=0), 134.7, 128.8, 
128.5, 128.4, 102.4, 81.2, 74.6, 67.2, 53.2, 52.5, 51.7, 41.0; IR (KBr) 
2950, 1740, 1440, 1380, 1300 cm Anal. Calcd for CijHisCIA: C 
54. 40, H 4.87; Found C 54.71, H 4.67. 



Diketone 216: Yield: 84%; 'H NMR 8 4.47-4.40 (m, IH). 3.43 (s, 3H, 
OMe), 3.30 (s, 3H, OMe), 3.18 (d, 1H,>5.9 Hz, bridgehead H), 2.56- 
2.49 (m, IH), 2.39-2.31 (m, IH), 2.21-2.08 (m, 3H), 2.01 (s, 3H, OAc), 
1.81-1.78 (m, IH), 1.70-1.62 (m, IH), 1.53-1.48 (m, IH), 1.29-1. 19(m. 
IH); '^C NMR 8 201.0, 195.7, 170.2, 107.2, 73.6, 64.6, 52.8, 51.5, 
50.8, 45.0, 32.1, 24.4, 23.7, 21.0, 20.6; IR (neat) 2900, 1750, 1720, 
1440, 1360 cm-'; Anal, calcd. for C.sHioOs: C 60.80, H 6.80; ; Found C 
60.85, H 6.83. 


Acytoin 217: Yield: 43%; 'H NMR 8 5.52 (ddd, 1 H, >11.6, 10.3, 4.9 
Hz), 4.24 (d, IH, >1.0 Hz), 3.35 (s, 3H, OMe), 3.29 (s, 3H, OMe), 
2.77 (dd, 1 H, >6.1, 1 .4 Hz), 2.50-2.43 (m, 1 H), 2.19 (ddd, 1 H, >13.7, 
10.0, 6.4 Hz), 2.14-2.10 (m, 2H), 2.05 (td, IH, >13.4, 4.2 Hz). 2.00 (s, 
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3H,0Ac), 1.96-1.95 <m, \H), 1.82 (dt, 1H,J»13.2, 4.4 Hz), 1.73-1.68 
(m, IH), 1.43 (dd, 1H,>13.9, 7.6 Hz). 1.22-1.12(01, IH); *’CNMR6 
212.4, 170.7, 108.2, 81.0, 73.3, 56.4, 53.0, 51.2, 50.6, 44.6, 32.1, 28.4, 
26.8, 21.6, 21.3; IR (neat) 3400, 2900, 1740, 1460 cm'; An61. calcd. for 
CisHijOs: C 60.39, H 7.43; Found C 60.44, H 7.46. 

141 1311 



Transhydrindaoe derivative 219; Yield: 51%; 'H NMR 5 9.98 (s, IH, 
CHO), 4.81 (dt, IH, >=1 1.0, 4.4 Ha^ 3,69 (s, 3H, OMe), 3.34 (s, 3H, 
C^), 3.3 1-3.26 (m, 1H),3.11 (s, 3 H, OMe), 2.63-2.53 (m, 1H),2.15- 
2m (m^ 4H)t 2.03-1.98 (m, IH), 2.01 (s, 3H, OAc), 1.70-1 .63 (m, 1 H), 
1.58-1 .57 (m, 1 H), 1 .26-1 . 1 5 (m, 1 H); '^C NMR S 202.3, 1 7 1 .6, 1 703, 
109.7, 72.8, 64.9, 52.1, 50.4, 50.1, 48.7, 48.6, 31.9, 28,0, 26.8, 21.4, 
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21.1; IR (neat) 2900, 1720, 1700, 1450 cm '; Anal, calcd. for 
C 58.53, H 7.37 ; Found C 58.59, H 7.40. 


l,7-DichIoro-8,8-dimethoxy-4-oxa-tricyclo|4.2. 1 .0’*^)Boniiie^,9'-dkii 
196g: (For its preparation in different route see**) Yield 59%, mp 119- 
120 °C; 'H NMR 6 4.27 (dd, IH, >6.2, 2.4 Hz, carbinol H). 4.23 (dd, 


MeO 


OMe 



1 H, >8.3, 3.9 Hz), 3.71 (d, 1 H, >8.3 Hz), 3.65 (s, 
^ H 3H, OMe), 3.63 (s, 3H, OMe), 3.45 (br s, I H, i - 
, - 6.2Hz, OH, D 2 O exchangeable), 3.06 (d, IH, >6.5 

OH 

o ' OH, D 2 O exchangeable), 2.73 (ddd, IH, >11.0, 3.9, 

2.2 Hz, C(5)He*o), 2.44 (ddd, IH, >12.5, 1 1.0. 2.4 Hz, C(6)H„«), 2.08 
(dd, IH, >12.5, 2.2, C(6)He«to); ’’C NMR 6 105.3, 102.2, 78,8 
(carbinol C), 77.1, 71.0, 70.5, 51.6 (OMe), 51.2 (OMe), 45.5, 35.7; IR 
(KBr) 3300, 2850, 1200 cm*'; Anal. Calcd for CtoHuCiiO}: C 42.1 3, H 
4.95; Found C 42.05, H 4.91. 

l,7-Dichloro-8,8-diinethoxy-4-oxa>tricyclo{4.2.1,0’'*liioiia»-2>oae 

120a: Yield 8%, mp 68-70 “C, *H NMR 8 4.39 (dd, IH, J « 8.8. 4.2 
Meo . . OMc Hz), 4.29 (br s, 1 H). 3.95 (d, 1 H, >8.8 Hz), 3.71 (s, 3H, 
OMe), 3.62 (s, 3H, OMe), 2.93 (m, IH), 2.70 (dd, IH, 
>12.7, 1 1.1 Hz), 1.74 (dd, IH, >12.7, 2.0 Hz); ’’C 
NMR 5 198.0 (C=0). 102.3, 86.7, 75.4, 75.2, 74.2, 52.2 
(OMe), 51.9 (OMe), 45.5, 37.0; IR (KBr) 2850, 1760, 1240 cm'*; Anal. 
Calcd for C,oH, 2 Cl 204 : C 44.97, H 4.53; Found C 44.53, H 4.57. 
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For eoni|ioiiad 139, see ChlC, {»ge ao. 224. 


S,6a>Dlehlom4,6-diinethoxy-l<-oxo>tiex«by(iro>cyclopenta{clfunin- 
5>earbaldebyde 2l3g: (For its preperaiion indifferent route see'^) 
Yield 91%; colorless solid; mp 120-122 ’C; 'H NMR 6 9.58 (s, IH, 
CHO), 4.63 (t, 1H,.A«9.2 Hz), 4.13 (dd, 1H.>9.2, 4.4 Hz), 3.74 (s, 3H, 


O Cl, 


MeQ OMe), 3.52 (ddt, IH, >9.4, 8.6, 4.6 Hz), 3.33 (s, 3H, 
OMe), 2.71 (dd, IH, >14.6, 8.0 Hz), 2.47 (dd, IH, 
'cHO >14.9, 9.5 Hz); ‘*C NMR 5 189.4 (CHO), 170.9 
(OOO), 1 10.3, 79.7, 73.5, 71.3, 54.0, 53.0, 46.7, 37.7; !R (KBr) 2900, 
1750, 1720, 1380 cm '; Anal, calcd for C.oHuCliOs: C 42.43, H 4.27; 
Found: C 42.48, H 4.21. 



l,7'-Dicfaloro-6,8,8-triiaetiioxy>4-oxa>tirkycloi4.2.1.0’*^}noRan-9-ot 
220; Yield 65%, mp 73-75 “C; 'H NMR 5 4.30-4.25 (m, 2H), 3.77 (d, 
IH, ,/ » 8.6 Hz), 3.65 (s, 3H, OMe), 3.63 (s, 3H, OMe), 3.50 (s, 3H, 
Meo^ .oM« OMe), 3.13 (d, IH, J - 8.1 Hz, OH, DjO 
exchan^ble), 2.68 (ddd, 1 H, J - 1 1 .0, 2.7, 2.2 Hz, 
/ C(5)H^), 2.42 (ddd, IH, J = 12.4, 11.0, 2.0 Hz, 
C(6)H«o), 1.98 (dd, IH, 12.4, 2.1 Hz C(6)H™do); 
'•’C NMR 6 105.3, 102.2, 78.8 (carbinol C), 77.1, 71.0, 70.5, 51.6 
(OMe), Si2 (OMe), 45.5, 35.7; IR (KBr) 3300, 2850, 1440, 1200 cm''; 
Anal. Cakd for CmH^CIA: C 56.19, H 6.86; Found C 56.23, H 6.89. 


McO 
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l,5-DichIoro-7-ethoxy-8,8-diinethoxy-3-oxa-blcyclo|3.2.Iioct*n-2- 
one 221: Yield 95%, colorless solid, mp 82-84 ®C; ’H NMR 8 4.45 (dd, 
IH, 10.2,2.1 Hz), 4.23 (dd, lH,y=* 10.7, 3.2 Hz), 4.14 (d, IH,/- 
10.2 Hz ), 3.81 (dq, IH, ^ = 9.3, 6.8 Hz, -O-CHr), 3.73 
(s, 3H, OMe), 3.61 (s, 3H, OMe), 3.53 (dq, 1 H, J » 9.3, 
6.8 Hz, -O-CH 2 -), 2.93 (ddd, 1 H, J/ » = 1 2.4 Hz, Jj - 

a 2.2Hz),2.19(dd, lH,y=14.i,3.4Hz), l.lS(t, 1H,J** 

6.8 Hz, Me); '^C NMR 5 164.4 (O-CO), 101.6, 83.3, 79.9, 73.9, 67.3, 



67.1, 52.9, 52.6, 43.4, 15.2; IR (KBr) 2900, 1760, 1430, 1320 cm’'; 
Anal, calcd for CuHzoCljOs: C 49.57, H 5.94; Found: C 49.61, H 5.98. 


3-AIlyl-l,5-dichloro-7-ethoxy-8,8-dimethoxy-3-aza- 
bicydo[3.2.1]octan-2-one 222; The aldehyde 213b (73 mg, 0.23 
mmol) was dissolved in 3 ml of benzene and 0.46 mmol (26 mg) of 
allyl amine was added to that along with few pieces of 4 A molecular 
sieves. The reaction mixture was stirred at room temperature for 2 h 
(till the completion of starting material as per tic). Benzene wm 
evaporated at room temperature in vacuum and dried. The residue was 
dissolved in MeOH and cooled to 0 ®C and 15 mg (0.40 mmol) of 
NaBRt was added and stirred for I h. MeOH was evaporated at room 
temperature and water 5 ml was added and extracted widi dthyl i^etate. 
Combined organic layer was washed with brine, diiied over anhydrous 
Na 2 S 04 and (TOnoentnded. Purification silioa gel ooitimn 
chromatography (20-25% etfiyl acetete-bexane) affixrded 50 mg (64%) 
of the pure amide 222. 
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Yield 64%; colorless solid; mp 140-142 "C; 'H NMR 6 5.81-5.71 (m, 
IH.olefinic), 5.28 (d. 17.3 Hi; olcfinic), 5.17 {d, IH, J= 10.2 

Hz, olefinic), 5.02 {d, IH, J » 5.8 Hz. C(7)H^). 4.37-4.32 (m, IH), 

4.19(dd. lH,i» 8.8. 5.3 Hz), 3.96(dd, 1H,J 
» 15.3, 7.1 Hz),3.78(dq, 1H,J'»9.3,7.1 Hz, 
-O-CHr), 3.70 (s. 3H, OMe), 3.5! (s, 3H, 
OMe), 3.49-3.45 (m, IH, -O-CH 2 -), 3.08 (d. 





IH, 6.1 Hz), 2.55-2.53 (m, 2H), 1.09 (t, !H, J"- 7.1 Hz, Me); ”C 
NMR 5 162.8 (N-C-0), 131.9, 117.9, 102.3, 83.2, 83.1, 80.1, 74.8, 
66.9, 52.8 (OMe), 52.6 (OMe), 46.0, 37.1, 15.2 (Me); IR (KBr) 2900, 
1650, 1420, 1300, 1240, 1200 cm*’; Anal, calcd for CuHajCliNO^: C 
49.72, H 6.26, N 4. 14; Found: C 42.78, H 6.30, N 4. 1 7. 


Genera! procedure for allylindiam addition to aldehydes: To a 
solution of aldehyde 213 (0.5 mmol), in 1ml DMF was added indium 
metal (0.75 mmol, cut into small pieces) and ally! bromide (1 mmol), 
and stirred at room temperature for Om specified time (Scheme II). 
After completion of die reactkm, as iiKmltored by tic, the reaction 
mixture was quenched widi few dr^ of 5% HCl and extracted with 
diethyl ether. The ctmibined m^ic layw was washed once with brine, 
dried over {mhydrous Na^SO* and evapcnated. The resulting residue 
was purified by silica gel column chromatography to provide the pure 
hpmwlj^lic alcohols. In each case, the ‘H NMR of die crude prodwst, 
beftwe column pairification was taken to record the product distribution. 
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4-AlIyl-l,5-dicfaIon>-7-ethoxy-83^iniethoxy-3-oxa> 
bicycIo{3.2.1]octan-2>one 223b! Yield 95%, obtained as viscous 
liquid; 'H NMR (500 MHz), 6 6.00-5.89 (m. 1 H. olefinic), 5, 1 7 (d, i H. 
J= 15.0 Hz, olefinic), 5.14 (d, 1H,J=8.8 Hz, olefinic), 4.35 (dd, IH.J 
= 10.5,2.0 Hz), 4.21 (dd, 1H,J= 10.7,3.0 Hz), 3.81 (dq, IH,.;=- 9.3, 



7.1 Hz, Me); '^C NMR 6 163.6 (O-C-O). 134.6, 117.9, 102.3. 87 9. 
83.5, 80.1, 79.9, 70.0, 67.2, 52.9, 52.6, 47.3, 37.4, 15.2; IR (KBr) 2900, 
1770, 1630, 1420, 1300 cm*'; Anal, calcd for CmHmCIiO): C 49.57, H 
5.94; Found: C 49.61, H 5.98. 

4-AUyl- 1 ,5-dibroino-7-ethoxy-8,S-dinietboxy-3H0XJi» 
bicyclo[3.2.1]octan-2-one 225b: Yield 94%, obtained as viscous 
liquid; 'H NMR 5 5.92-5.82 (m, IH, olefinic), 5.12-5.03 (m. 2H, 
^Meo oMe olcfinic), 4.30 (dd, IH, 10.8, 1.7 Hz), 4.23 (dd, 
JOA 3.0 Hz), 3.79 (dq, IH, 9.3, 7.1 Hz. - 
CKlHa-X 3.70 (s, 3H, OMe). 3.59 (s, 3H, OMe), 
” 3.50(dq. IH,J-9.3,7.1 Hz,.OCHr),3.06(dd, IH,i- 

14.2, 10.5 Hz), 2.98 (dd, IH, 14.6, 7.3 Hz), 2.73-2.65 (m. IH), 2.18 
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(dd, IH, J « !4.2, 3.2 Hz), 1.10 (!, IH, i = 7.1 Hz, Me); '^C NMR 5 
163.3 CO-CO), 134.8, 117.8, 102.5, 88.4, 84.9, 72.4 (bridgehead), 
67.3, 62.6 (bridgehead), 53.11 (OMe), 53.08 (OMe), 49.1, 39.1, 15.2; 
IR<KBr) 2900, 1760, 1620, 1440, 1360 cm‘; Anal, calcd forCHHwCI- 
A: C 3928, H 4.71; Found: C 39.34, H 4.75. 


Oxa-bl^cio{32.1] octeoaone 223a: Colorless solid, mp 121-122 °C; 
*H NMR <500 MHz) 5 7.35-7.29 (m, 5H, aromatic), 6.03-5.93 (m, IH, 
. , olefmic, CH), 5.24-5.17 (m, 2H, 

olefinic, CHi), 4.52 (dd, 1 H, J = 12.5, 
2.0, H«), 3.88 (dd, IH, 2 = 12.8, 6.4 
Hz, HsX 3.84 (s, 3H, OMe). 3.66 (s, 
3H. OMe), 3.06 (dd, IH, J » 14.2, 
12.7 Hz, C(2 )H,ho), 3.02-2.97 (m, IH, 



allylic CHj), 2.84-2.76 (m, IH, allylic CHj), 2.61 (dd, IH, 14.2, 6.4 
Hz, C(2)H«Hte); '^C NMR 5 164.3 (O-C-O), 134.7 (C„), 134.6 (Cioi), 


128.8, 128.3, 1 17.1 (Cm), 111.1 (Cya), 89.1 (C*), 81.3 (C**), 70.2 (C,«), 
72.4 (bridgehead), 53.1 (C,), 52.7 (C,), 51.8 (Cj), 45.0 (Cj), 37.2 (Cn); 
IR (KBr) 2950, 1770, 1620, 1430 cm '; Anal, calcd for CuHwCIA: C 
58.23, H 5.43; Found: C 58.28, H 5.46. 


l,3-Dieliloro-3-(14^roxyMb«t>^iiyl)-2,2-diniethozy-5-phenyl 
cydbi>eiitmecart>ozytte add methyl ester 224a: Colorless visoais 
liquid, 'H NMR 5 7.34-7.24 (m, 5H, aromatic), 6.10-5.96 (m, IH, 
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olefinic), 5.27-5.10 (m, 2H, olefinic), 4.44-4.40 (m, IH, carbinol 
hydrogen), 3.89 (dd, IH, J= 14.3, 6.0, Hj), 3.64 (s, 3H, OMe), 3.52 (s, 
3H, OMe), 3.33 (s, 3H, OMe), 3.22-3.15 (m. IH), 2.55-2.47 (m, IH), 
2.36 (dd, 1 H, J = 1 4.0, 6.4 Hz, allylic CH 2 ), 2.2 1 (dd, 1 H, J = 1 3 .9, 6. 1 


McQ. 


OMc 


Cl 


OH 



Hz, C(4)Hp); '^C NMR 8 167.6 (0-C=0), 
*ci 135.5, 134.6, 128.5, 128.3, 117.1 (Cm), 
cOjMe ni.i (C 7 a), 85.8 (carbinol carbon), 82.5, 
73.6, 53.0 (OMe), 52.8 (OMe), 52.7 
(OMe), 52.4 (C 5 ), 43.2 (C 2 ), 36.8 (allylic CH 2 ); IR (KBr) 2900, 170, 
1620, 1430 cm''; Anal, calcd for C,9H23Cl20s: C 56.73, H 5.76; Found: 


Ph 


C 56.77, H 5.79. 
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Cliipler 3B 

Diastereoseleetioii During Allyliadliufii Addition to Norbornyl ct- 

Diketonet 

G«n«rtl prooednre for the indium mediated aiiyiation of a- 
diketones: A mixture of a-diketone (I mmol), indium metal (1.5 
mmol, cut into small pieces) and allyl bromide (2.2S mmol) in DMP 
(I ml) was stirred at room temperature for the specified time (Table I, 
2). After completion of the reaction, as monitored by tic, the reaction 
mixture was quenched with few drops of S% HCl and extracted with 
diethyl ether. The combined organic layer was washed once with brine, 
dried over anhydrous Na 2 S 04 and evaporated. The resulting residue 
was purified by silica gel column chromatography to provide the pure 
homoallylic alcohols. In each ca^s, the 'H NMR of the crude prcxluct, 
before column purification was taken to record the product distribution. 



Spectral Ihita For Monosubstituted A^Ioins 238-240: The <:»ri)inol 
hydrogen is assigned as Ci in all the mono wid disubstituted acyloins to 
compwe the 'H NMR (400 MHz) values of exo and mdo protons on the 
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carbon Ce and C 5 with those of the parent a-diketone for a comparison 
the regio- and stereo-selectivity for the formation of major isomer. 



Acyloin 238a^39a: Yield 94%, mixture of regioisomers (82:1 8). 
Major isomer 238a: colorless solid, mp 1 18-120 °C, 'H NMR 5 7 . 39 - 
7.24 (m, 5H, aromatic), 6.22-6.13 (m, IH, olefinic), 5.42. (d, \\{,J = 
10.0 Hz, olefinic), 5.37 (d, IH, J = 17.1 Hz, olefinic), 3.77 (s, 3H, 
OMe), 3.71 (dd, IH, J= 12.4, 5.4 Hz, C(5)H«o), 
,ci 3.65 (s, 3H, OMe), 3.17 (s, IH, D 2 O 

exchangeable, OH), 3.13 (dd, IH, J= 12.8, 5.5 Hz, 
C( 6 )H.«te), 2.97 (d 'A AB q, J = 13.8, 5.4 Hz, 
allylic GHz), 2.76 (dd, 1 H, J/ = J) * 12.7 Hz, C(6)Hexo), 2.74 (d Vi AB 
q, 13.9, 10.0 Hz, allylic GHz); 5 202.0 (-CO), 135.4, 131.7, 129.4, 
128.1, 127.7, 123.1, 103.5, 81.6, 78.5 (carbinol G), 73.5, 51.6 (2C, 
OMe), 48.1, 39.8, 37.4; IR (KBr) 3500, 2950, 1770, 1610, 1100 cm"'; 
Anal. Gated, for GigHjoClA: C 58.23, H 5.43; Found C 58.29, H 5.47. 
Irradiation of the olefinic proton at 6.22-6.13 (m, IH, olefinic) carried 
out to assign the allylic GH 2 and G(6)Hexo protons. Two protons, one of 
the allylic GH 2 and G( 6 )Hexo protons appeared as a multiplet. 

Minor isomer 239a: 'H NMR 5 7.32-7.21 (m, 5H, aromatic), 5.98-5.88 
(m, IH, olefinic), 5.07 (d, IH, 10.0 Hz, olefinic), 
4.83 (d, IH, J » 17.1 Hz, olefinic), 4.05 (dd, IH, J = 
^ 13.0, 4.2 Hz, G(5)FU), 3.77 (s, 3H, OMe), 3.68 (s, 
3H, OMe), 3.20 <dd, IH. // « » 13.0 Hz C( 6 )H«„), 2.46 (dd. 
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IH, J » 13,0, 4.2 Hz, C(6)H«*.), 2.16-2.06 (m, 2H, allylic CHj); 5 
203.1 KO), 137.8, 130.7, 128.7, 127.2, 126.9, 119.2, 105.4, 80.4 
{carbinol C), 80.0, 72.7, 52.4 (OMe), 52.1 (OMc), 44.8, 39.7, 36.6. 


Acyloin 240a,241a: Yield 93%, mixture of legioisomers (89: 1 1). 

Major isomer 240a: colorless solid, mp 78-80 ®C, 'H NMR 6 7.37- 
7.22 (m, 5H, aromatic), 6.23-6.13 (m, IH, olefinic), 5.43 (d, IH, J = 
10.4 Hz, olefinic), 5.39 (d, IH, J « 17.2 Hz, olefinic), 3.81 (s, 3H, 
OMe), 3.73 (dd, IH, J » 12.6, 5.5 Hz, C(5)H*«), 3.69 (s, 3H, OMe), 
M .0 OM. 3.22(dd,lH,J-12.6,5.4Hz,C(6)H«4o),3.21(s, 
1 H, DaO exchangeable, OH), 2.99 (d % AB q, 1 H, 
J » 1 3.6, 5.2 Hz, allylic CHi), 2.89 (dd, 1 H, 7/ * Jj 

1 8r Pti 

”” » 12.7 Hz, C(6)H^), 2.71 (d Vt AB q, J « 13.6, 


10.0 Hz, allylic CHj); 6 201.0 (-C-O), 136.7, 131.8, 129.5, 128.0, 
127.7, 123.1, 103.6, 78.8 (carbinol C), 76.1, 67.2, 51.7 (OMe), 51.6 
(OMe), 49.4, 41.8, 39.6; IR (KBr) 3500, 2950, 1780, 1610 cm’*; Anal. 
Calcd. for C, 8 H 2 oBr 204 : C 46.98, H 4.38; Found C 47.03, H 4.35. 


Minor isomer 241a: 'H NMR 8 7.32-7.21 (m, 5H, aromatic), 6.02-5.92 
Meo OMe olcfinic), 5.09 (d, IH, J “ 10.0 Hz, olefinic), 

vX-Br 4.85 (d, IH, J - 17.0 Hz, olefinic), 4.08 (dd, IH, J * 
13.1, 4.2 Hz, C(5)H««), 3.82 (s, 3H, OMe), 3.73 (s, 3H, 

J Br Ml 

ip OMe), 3.30 (dd, 1 H, y, - J; » 1 3. 1 Hz, C(6)H««), 2.50 (dd, 
IH, J- 13.1, 4,2 Hz, C(6)H«Kio), 2.19-2.10 (m, 2H, allylic CHj); 5 
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202.5 {-C=0), 138.1, 130.7, 129.8, 128.7, 127.1, 119.3, 105.7, 80.4 
(carbinol C), 73.3, 66.7, 52.7 (OMe), 52.3 (OMe), 44.8, 39.7, 36.6. 


Acyloin 238b,239b: Yield 93%, mixture of regioisomers (14:86). 
Minor isomer 238b; 'H NMR 5 6.28-6.18 (m, IH, olefinic), 5.29 (d, 
IH, J= 10.0 Hz, olefinic), 5.25 (d, lH,/= 17.3 Hz, olefinic), 4.13 (dd, 
IH, J= 9.3, 2.2 Hz, C{5)Hexo)> 3.68 (dq, one of 6.9 Hz, merged with 



.OMe OMe, -O-CH 2 ), 3.67 (s, 3H, OMe), 3.58 (s, 3H, 
-Cl OMe), 3.53 (dq, IH, J = 9.5, 7.1 Hz, -O-CH 2 ), 
3.15 (s, IH, D 2 O exchangeable, OH), 2.84 (d 1/2 
AB q, IH, J = 14.4, 6.3 Hz, allylic CHj), 2.74 
(dd, IH, J= 12.9, 9.3 Hz, C(6)Hexo), 2.73-2.67 (m, IH, allylic CH 2 ), 
2.66 (dd, 1 H, J = 1 2.9, 2.2 Hz, C(6)H,^), 1.13 (t, 3H, J= 6.9 Hz, Me); 
5 199.3 (-CO), 169.5 (-0-C=0), 132.4, 120.6, 103.3, 80.9, 79.9,79.3, 
73.7, 66.7, 5 1 .8 (OMe), 5 1 .6 (OMe), 39.7 1 , 39.67, 1 5. 1 (Me). 


Major isomer 239b: colorless solid, mp 66-68 ®C, 'H NMR 8 6.15- 
6.05 (m, IH, olefinic), 5.18 (d, IH, 8.8 Hz, olefinic), 5.15 (d, IH, J 
M.O OM. ^ 3 olefinic), 4.12 (dd, IH, 7 = 9.8, 1.4 Hz, 

C(5)Hexo)» 3.69-3.64 (m, IH, merged with OMe, -O- 
CH 2 ), 3.67 (s, 3H, OMe), 3.61 (s, 3H, OMe), 3.50 (dq, 
f IH, J » 9.5, 7.1 Hz, -O-CH 2 ), 2.98 (dd, IH, 7= 13.7, 9.8 Hz, 
C(6)H««,), 2.68 (d 'A AB q, 1 H, 7 » 14.6, 6. 1 Hz, allylic CH 2 ), 2.57 (d '/2 
AB q, 1H,7- 14.6, 7.8 Hz. allylic CH 2 ), 2.26 (dd, 1H,7= 13.7, 1.2 Hz, 
C(6)H«Kto), 1.13 (t, 3H, 7- 6.9 Hz, Me); 5 200.1 (-C=0), 132.4, 118.7, 
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105.6, 81.3, 80.3 (carbinol C), 79.7, 72.4, 66.6, 52.3 (OMe), 51.8 
(OMe), 39.4, 36.5, 15.1 (Me); IR (KBr) 3500, 2950, 1770, 1600, 1430 
cm-'; Anal. Calcd. for ChHmCIA: C 49.57, H 5.94; Found C 49.54, H 
5.97. 



0F4 


Acyloia 240b;241b: Yield 94%, mixture of regioisomers ( 1 8:82). 

Minor isomer 240b: (sample recorded with enriched sample of minor 
isomer (88:22, 240b:241c), 'H NMR 8 6.28-6.18 (m, IH, olefinic), 
5.29 (d, 1 H, J ■ 10.7 Hz, olefinic), 5.24 (d, 1 H, J ® 1 7.6 Hz, olefinic), 
4.17 (dd, IH, y « 9.0, 2.4 Hz, C(5)H«o), 3.71 (s, 

^ OMq 

.8, 3H, OMe), 3.69-3.65 (m, IH, -0-CHj), 3.62 (s, 

3H, OMe), 3.58-3.53 (m, IH, -O-CH^), 3.14 (s, 
IH, DjO exchangeable, OH), 2.87-2.79 (m, 2H), 
2.84 (d '/» AB q, 1 H, J = 14.4, 6.3 Hz, allylic CH,), 2.78 (dd, 1 H, J = 
13.1, 2.7 Hz, C(6)H«do), 1.13 (t, 3H, 6.9 Hz, Me); 6 198.6 (-C-0), 

132.4. 120.8, 103.3, 81.0, 79.4, 73.9, 66.1, 66.7, 51.9 (OMe), 51.6 
(OMe),41.9,41.6, 15.1(Me). 

M^or isomer 241b: colorless solid, mp 78-80 ®C, 'H NMR 5 6.18- 
6.08 (m, 1 H, olefinic), 5. 1 7 (d, 1 H, J =* 9,8 Hz, olefinic), 5. 1 5 (d, 1 H, J 
» 17.1 Hz, olefinic), 4.19 (dd, IH, J® 9.5, 1.7 Hz, C(5)Hexo), 3.71 (s, 
, 0 Me OMe), 3.70-3.63 (m, IH, merged with OMe, -O- 
CHj), 3.66 (s, 3H, OMe), 3.54 (dq, 1 H, y - 9.3, 7. 1 Hz, 
06 . -OCHj), 2.90 (dd, IH, y - 13.6, 9.8 Hz, C{6)H«o)/ 
2.69 (d 14 AB q, 1 H, y- 14.4, 5.9 Hz, allylic CHz), 2.55 (d !4 AB 
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q, IH, J= 14.4, 7.8 Hz, allylic CHj), 2.38 (dd, IH, 7= 13.6, 1.7 Hz, 
C(6)He«io), 1-13 (t, 3H, 7= 7.0 Hz, Me); 5 199.1 (-C=0), 132.5, 1 18.7, 
105.7, 81.3, 80.2 (carbinol C), 74.3, 66.6, 66.4, 52.5 (OMe), 52.1 
(OMe), 40.9, 36.8, 15.1 (Me); IR (KBr) 3300, 2950, 1770, 1100 cm''; 
Anal. Calcd. for Ci 4 H 2 oBr 205 : C 39.28, H 4.71 ; Found C 39.31, H 4.74. 


Acyloin 238c;239c; Yield 7 1 %, mixture of regioisomers (77:23). 
Major isomer 238c: colorless solid, mp 106-108 °C, 'H NMR 8 6.25- 
6.08 (m, IH, olefinic), 5.39 (d, 1H,7= 10.2 Hz, olefinic), 5.30 (d, IH, 7 
Meo OMe = 17.3 Hz, olefinic), 4.10 (d '/i AB q, IH, 7 = 
1 1 -4, 5.5 Hz, CH 2 -O-), 3.94 (d 14 AB q, 1 H, 7 
= 1 1.2, 8.5 Hz, CH 2 -O-), 3.69 (s, 3H, OMe), 

OAc 

3.61 (s, 3H, OMe), 3.02 (s, IH, DjO 
exchangeable, OH), 2.87-2.80 (m, 2H), 2.70-2.64 (m, IH, one of 7 = 
13.9 Hz),2.60(dd, 1H,7= 12.4,4.4 Hz, C(6)He„do), 2.51 (dd, 1H,7,= 
72 = 12.2 Hz, C(6)H«o), 2.03 (s, 3H, Me); 5 203.7 (-0=0), 170.6 (-0- 
0=0), 131.8, 122.7, 103.3, 78.4 (carbinol 0), 78.1, 73.6, 62.8, 51.8 
(OMe), 51.6 (OMe), 42.2, 39.7, 34.6, 20.7 (Me); IR (KBr) 3300, 2900, 
1 760, 1690, 1600 cm''; Anal. Oalcd. for 0,5H2oOl206: 0 49.06, H 5.49; 
Found 0 49.01, H 5.52. 

Minor bomer 239c: (sample recorded with enriched sample of minor 

-OMe 

O T c isomer), 'H NMR 5 6.17-6.09 (m, 1 H, olefinic), 5.23- 
S.18 (m, 2H, olefinic), 4.15 (d AB q, IH, 7= 12.2, 
Jc» ^oA« 6.6 Hz, CH 2 -O-), 4.00 (d 14 AB q, IH, 7 = 12.0, 
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4.2 Hz, CH2-0-), 3.71 (s, 3H, OMe). 3.66 (s, 3H, OMe), 2.91-2.85 (m, 
IH, C(6)He*o), 2.74 (d '/* AB q, !H, J* 14.9, 6.1 Hz, allylic CH2), 2.67 
(dd, 1 H, J/ = ^2 = 13.0 Hz, C(6)H«o), 2.61 {d '/i AB q, I H, J » 14.9, g.2 
Hz, allylic CH2), 2.25 (dd, IH. 13.1, 4.7 Hz, C(6)H«*fc,), 2.02 (s, 3H, 
Me); 5 202.7 (“C=0), 170.3 (-0-C*0), 131.2, 119.3, 105.3, 80.2 
(carbinol C), 78.5, 72.5, 61.2, 51.5 (OMe), 52.0 (OMe), 41.1, 36.5, 

34.2. 20.6 (Me). 

Acyloin 23$d,239d: Yield 92%, mixture of regioisomers (23:77). 
Minor isomer 238d: colorless crystals (dichloromethane-hexane), tnp 
125-126 ®C, 'H NMR 5 6.26-6.18 (m, IH, oiefinic), S.42-S.37 (m, 2H, 
MeO OM« oiefinic), 5.32 (dd, IH, 7 = 10.0, 2.7 Hz, 
\ 3.69 (s, 3H, OMe), 3.61 (s, 3H. OMe), 

2.89 (d '/a AB q, IH, J « 13.9, 5.7 Hz, allylic 
CHi), 2.95 (s, I H, DjO exchangeable, OH), 2.84 
(dd, IH, J= 13.4, lO.O Hz, C(6)H«w). 2.74 (dd, lH,,/« 13.6, 2.7 Hz, 
C(6)He,«te), 2.69 (d '/a AB q, I H, J- 14.1, 9.5 Hz, allylic CHj), 2.04 (s, 
3H, Me); 5 198.9 (-C“0), 169.5 (-OC-O), 130.9, 1 19.4, 102.8, 80.2 
(carbinol carbon), 74.9, 72.1, 65.7, 52.6 (OMe). 52.3 (OMe), 40.5, 37.1, 

20.6 (Me). IR (KBr) 3350, 2900. 1740, 1710, 1610 cm Anal. Calcd. 
for CuHigCljOs: C 47.61, H 5.14; Found C 47.67, H 5.20. 

Irradiation of the oiefinic proton at 6.26-6.18 (m, IH, oiefinic) carrW 
out to mign tile allylic CHa, C(6)Hm «nd C(6)H L^ protXHis, which 
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resulted in the disappearance of the corresponding couplings in alls lie 
CH 2 proton. 

Major isomer 239c: colorless crystals (dichloromclhanc hcxanc), nip 
75-76 "C, 'H NMR 8 6.11-6.00 (m, !H. olcfinic). 5M (dd. IH, ./ 
MK) OM* 10.3, 2.0 Hz, C(5)H„„), 5.18 (d. III. J 100 H/. 
V/<^' otefinic), 5.12 <d, IH, J = 17.1 Hz. olcfimcl. 167 (s. 

3H, OMe), 3.61 {s, 3H. OMe), 2,98 (dd. I H. ./ 14 4. 

|j 10.3 Hz, C(6)H„„), 2.58 (d '/j AB q, I H, J * 14 6. 6 4 Hz, all> lie 
CH 2 ), 2.44 (d Vt AB q, IH, J= 14.6, 7.8 Hz., allylic CH,). 2 20 (dd. 1 H. 

14.4, 2.0 Hz, C(6)H^), 2.07 (s, 3H. Me); 6 199 7 {-C <)). 169 5 {• 
0-C=0), 130.8, 119.3, 105.3. 80,1 (carbinol O. 79 2. Tit. S2 i 
(OMe), 52.2 (OMe), 39.0, 36.8, 20.7 (Me); IR (KBr) 3350. 2900. nsfi, 
1700, 1620, 1440 cm '; Anal. Calcd. for CuH„Clj()^ C 47 61 , H *« 14. 
FoundC47.65,H5.ll. 


Acyloin 240da41<l: Yield 91%. mixture of negioisomm (25 77) 
Minor isomer 240d: (sample recorded with enriched sample of mimir 
isomer (88:22, 240d:241d), 'H NMR S 6.27-6.14 (m. IH. olefiUM:). 


5.43-4.33 (m, 2H, olefinic), 5.35 (dd. I M. J * 9.8. 
2.7 Hz, C(S)H„o), 3.73 (s, 3H, OMe), 3.64 (t, 3H, 
OMe), 2.96 (s. 1 H, D 2 O exchangeable, OH), 2.95 
(d % AB q, IH, 7 - 13.6, 9.9 Hi. ailylk CH|), 
2.90 (d 14 AB q, IH, J - 13.6, 5.6 Hz, ailylk CHi). 2.S3 (dd, 

13.4, 2.7 Hz, C(6)H««,), 2.65 (dd, 1 H, 7 ■ 1 3.9, 9.8 Hi, C(6)H«gi), 2.04 
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(s, 3H, Me); 5 198.8 (-CO). 170.0 i-O-CO), 131.7, 122.6, 102.9, 
78.6, 74.4, 7 1 .7, 66.3, 52.0 (OMe), 5 1 .6 (OMe), 4 1 .8, 40.7, 20.5 (Me). 
Major isomer 241d: colorless solid, mp 82-83 “C, 'H NMR 6 6.18- 
6.07 (m, IH, olefinic), 5.44 (dd, IH, 10.0, 5.4 Hz, C(5)H«o), 5.22 
(d, IH, J* 10.0 Hz, olefinic), 5.15 (d, IH, 17.1 Hz, olefinic), 3.74 
(s, 3H, OMe), 3.69 (s, 3H, OMe), 3.09 (dd, IH, J = 14.4, 10.0 Hz, 
Meo 0M« C(6)Hexo), 2.61 (d '/i AB q, IH, J = 14.6, 6.4 Hz, 

HO Vi^ AB q, IH, J = 14.6, 7.8 Hz, 

allylic CHi). 2.30 (dd, IH, J = 14.6, 2.0 Hz, 
|| C(6)H™*,), 2.05 (s, 3H, Me); 8 198.9 (-C»0), 169.5 (-0-0=0), 

130.9, 119.4, 105.5, 80.0 (carbinol C), 74.9, 72.1, 65.7, 52.6 (OMe), 
52.3 (OMe), 40.5, 37.0, 20.6 (Me); IR (K.Br) 3350, 2900, 1740 (br), 
1610, 1360 cm-’; Anal. Calcd. for CnHuBrjOft: C 38.04, H 4.10; Found 
C 38.10, H 4.13. 


Acyloin 238e,239e: Yield 91%, mixture of regioisomers (9! :9). 

Major isomer 238e: colorless crystals (hexane), mp 107-108 *C, 'H 
NMR 56.21-6.1 1 (m, IH, olefinicX 5.36 (d, lH,y- 10.0 Hz, olefinic). 



5.30 (d, IH, J » 16.8 Hz, olefinic), 3.66 (s, 3H, 
OMe), 3.57 (s, 3H, OMe), 2.84 (d '/a AB q, 1 H, J 
» 13.5, 5.6 Hz, allylic CHz), 2.83 (s, IH, DjO 
exchangeable, OH), 2.62 (dd, IH, 12.5, 6.1 


Hz, C(5)HU), 2.61 (d 'A AB q, J- 13.6, 9.3 Hz, allylic CHi), 2.35 (dd, 
IH, J- 13.1, 12.5 Hz, C(6)H«o), 1-91 (dd, IH, J - 13.1, 6.0 Hz, 



Chapter 3B 


291 


C(6)He„do). 0.00 (s, 9H, Me); 5 203.7 (-C=0), 131.9, 122.7, 103.3, 79.0, 
78.2 (carbinol C), 74.0, 51.6 (OMe), 51.4 (OMe), 39.7, 33.1, 30.9, -1.7 
(SiMes); IR (KBr) 3480, 2950, 1780, 1620 cm’’; Anal. Calcd. for 
C,5H24SiCl204; C 49.05, H 6.59; Found C 49.10, H 6.62. 

Irradiation of the olefinic proton at 6.22-6.13 (m, IH, olefinic) carried 
out to assign the allylic CH 2 and C(6)Hexo protons. Two protons, one of 
the allylic CH 2 and C(6)Hexo protons appeared as a multiplet. After 
irradiation, the coupling constant J = 5.6 was disappered from one of 
the allylic CH 2 proton 2.84 (d 14 AB q„ IH, J= 13.5, 5.6 Hz, allylic 


CH 2 ). 

Minor isomer 239e: colorless solid, mp 108-1 10 °C, 'H NMR 5 6.1 1- 
6.01 (m, IH, olefinic), 5.14 (d, IH, 7=9.5 Hz, olefinic), 5.11 (d, IH,/ 
= 15.6 Hz, olefinic), 3.64 (s, 3H, OMe), 3.57 (s, 3H, OMe), 2.52 (dd, 
1H,7= 15.3, 6.1 Hz, C(5)H*,o), 2.48 (d 'A AB q, 1H,7 
= 14.6, 9.5 Hz, allylic CH 2 ), 2.39 (d 14 AB q,7= 14.6, 
7.8 Hz, allylic CHj), 2.06-2.00 (m, 2H, C(6)Hexc. 



79.9, 72.4, 52.4 (OMe), 51.9 (OMe), 36.2, 33.4, 29.8, 0.995 (SiMej); 
IR (KBr) 3500, 2950, 1770, 1610, 1260 cm'*. 


Acyloin 238f,239f; Yield 92%, inseparable mixture of regioisomers 
(43:57); obtained as a viscous liquid, 'H NMR (from the mixture) 5 
6.30-6.20 (m, IH, olefinic, minor isomer), 6.15-6.05 (m, IH, olefinic, 
major isomer), 5.24-5.17 (m, 4H, olefinic), 3.73 (s, 3H, OMe), 3.72 (s. 
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3H, OMe), 3.71 (s, 6H, OMe), 3.65 (s, 3H, OMe), 3.6! {s, 3H, OMe), 
3.46 (dd, 1 H, J * 1 2.7, 4.4 Hz, C(5)H«o. major isomer), 3.42 {dd, 1 H, J 

« 12.2, 3.9 He, C{5)H«e, minor 
isomer), 2.83-2.71 (m, 5H), 2.65 
(dd, IH, J, « J; » 12.7 Hz, 
C{6)H*«,), 2.60 (dd, IH, J* 13.9, 
7.9 Hz, allylic CHj, minor isomer), 2.50 (dd, IH, J = 13.6, 4.3 Hz, 
C(6)H«Kkh major isomer). 

Irradaiation experiment of vinylic hydrogen and C(5)He*o proton of 
both endo and exo isomer was carried out W assign the prortons. 

'^C NMR (Major isomer, from the mixture): 5 201.0 (-C“0), 170.8 (- 
0-C=0), 131.1, 119.2, 105.1, 80.2 (carbinol C), 77.8, 72.0, 52.8 
(OMe), 52.3 (OMe), 5 1 .9 (OMe), 46.7, 36.4, 34.3. 

'•'C NMR (Minor isomer, from the mixture); 6 199.9 (-C“0), 172.9 (- 
O-CO), 132.6, 119.3, 103.2, 79.4 (carbinol C), 77.9, 73.6, 53.2 
(OMe), 5 1 .8 (OMe), 5 1 .6 (OMe), 47.7, 39.9, 34.4. 

IR (KBr) 3300, 2900, 1760-1700 (br), 1620 cm"'; Anal. Calcd for 
ChHijCIzOs: C 47.61, H 5.14; Found C 47.66, H 5.17. 


Acyloin 240f,241f: Yield 94%, inseparable mixture of regioisomers 
(45:55); obtained as a viscous liquid, 'H NMR (from the mixture) 5 
6.22-6.13 (m, IH, olefinic, minor isomer), 6.11-6.01 (m, IH, olefmic, 
major isomw), 5.17-5.06 (m, 4H, olefinic), 3.674 (s, 6H, OMe), 3.667 
(s, 3H, OMe), 3.66 (s, 3H, OMe), 3.62 (s, 3H. OMe), 3.59 (s, 3H, 
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OMe), 3.44 (dd, IH, 7 = 12.7, 4.4 Hz, C(5)Hexo, major isomer), 3.39 
(dd, IH, 7= 12.0, 4.1 Hz, C(5)Hexo, minor isomer), 2.86-2.79 (m, 2H), 

2.76-2.65 (m, 4H), 2.53-2.46 (m, 
IH), 2.47 (dd, IH, 7 = 13.4, 4.3 



'^C NMR (Major isomer, from the 
mixture); 5 200.3 (-C=0), 171.0 (-0-C=0), 131.2, 119.5, 105.3, 80.1 
(carbinol C), 70.7, 65.5, 52.8 (OMe), 52.6 (OMe), 52.0 (OMe), 48.4, 
36.8, 36.2. 


NMR (Minor isomer, from the mixture); 5 199.3 (-C=0), 172.9 (- 
0-C=0), 132.8, 119.3, 103.4, 79.6 (carbinol C), 70.9, 66.9, 53.2 
(OMe), 51.9 (OMe), 51.8 (OMe), 49.2, 42.1, 36.5. 

IR (KBr) 3400, 2900, 1740 (br), 1620. 1400 cm’’; Anal. Calcd for 
CuHigBrzOft.- C 38.04, H 4.10; Found C 38.10, H 4.07. 


Acyloin 242: Procedure is similar to that adopted for the bridgehead 
reduction of lactones (Chapter lA, page no. 194); Yield 95%, colorless 
. , solid, mp 104-106 °C, 'H NMR 8 7.34 

(m, 2H, aromatic), 7.28-7.24 (m, 2H, 
aromatic), 7.18-7.14 (m, IH, aromatic), 



10.5 Hz, olefinic), 5.20 (d, IH, 7= 17.3 
Hz, olefinic), 3.78 (dt, IH, 7= 11.2, 5.2 Hz, C(3)Hexo), 3.39 (s, 3H, 
C(9)oMe), 3.29 (s, 3H, C(8)omc), 3.03 (dd, IH, 7= 5.1, 1.9 Hz, C(4)H), 
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2.71-2.66 (m, IH. allylic CHj, C(l)H), 2.63-2.57 (m, IH, aliylic CHj, 
merged with C(2)Hb), 2.S7 (dd, IH, J » 12.7, 4.8 Hz, C(2)Hb), 2.29 
(ddd, IH, J = 12.7, 11.2, 4.6 Hz, C(2)Hb), 2.24 (s, !H, DjO 
exchangeable, OH); 5 212.4 (Cj), 140.5 (C,o). 132.9 {C„), 128.2 (CH), 
128.0 (CH), 126.4 (CH), 120.3 (CHj. C,6), 109.1 (Ct.), 78.5 (carbinol 
C), 59.6 (CH), 5 1 .0 (Me), 49.7 (Me), 46.7 (CH), 42. 1 (CHj), 4 1 .2 (CH, 
C,), 25.5 (CHz); IR (KBr) 3500, 2950, 1770, 1620, 1260 cm''; Anal. 
Calcd. for C, 8 H 2204 : C 71.50, H 7.33 ; Found C 71.56, H 7.37. 


Acyloin 243: Colorless solid (contaminated with the undetected 
isomer), mp 86-90 T. 'H NMR 5 7.46-7.44 (m. 2H, aromatic), 7.28- 
7.21 (m, 2H, aromatic), 7.16-7.12 (m, IH, aromatic), 6.18-6.13 (m, IH, 
M«o^ ^oMt olefmic), 5.24 (d, IH, J * 10.0 Hz, olefinic), 
5. 19 (d, 1 H, J » 1 7. 1 Hz. olefmic), 3.75 (s. 3H, 
OMe), 3.62 (s, 3H, OMe>, 3.58 (d, IH, J = 12.0 
Hz), 2.77 (d !4 AB q. 7 - 13.7, 6.1 Hz, allylic 
CHi), 2.68 (d, IH, J - 12.0 Hz), 2.60 (d 'A AB q, J - 13.7, 9.3 Hz, 
allylic CH 2 ), 2.42 (s, IH, D 2 O exchangeable, OH), 1.64 (s, 3H, Me); 5 

200.7 (-C=0), 145.1, 132.2, 128.0, 126.4, 126.3, 122.3, 103.6, 84.2, 

77.7 (carbinol C), 73.7, 5 1 .7 (OMe), 5 1 .5 (OMe), 46.7, 45.4, 40.0, 27.4. 
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Acyloin 244: Colorless crystals (dichloromethane-hexane, 1:2), mp 
103-105 °C, 'H NMR 8 7.31-7.28 (m, 2H, aromatic), 7.22-7.19 (m, 2H, 
Meo oMe aTomatic), 7. 1 3-7. 1 0 (m, 1 H, aTOiTiatic), 5.72-5.62 (iTi, 

V ^ olefinic), 4.88 (d, 1 H, J= 1 0.2 Hz, olefinic), 4.45 

HOw ^ 1 

(d, IH, J= 17.1 Hz, olefinic), 3.67 (s, 3H, OMe), 
ll 3.59 (s, 3H, OMe), 3.31 (s, IH, D2O exchangeable, 

OH), 2.95 (d, IH, J= 13.0 Hz), 2.83 (d, IH, J= 13.0 
Hz), 1.89 (d '/z AB q, J= 14.4, 7.3 Hz, allylic CHj), 1.71 (d 'A AB q,J 
= 14.4, 6.8 Hz, allylic CH2), 1.58 (s, 3H, Me); 5 202.3 (-C=0), 130.7 
128.7, 126.9, 126.2, 119.1, 105.6, 84.5 (carbinol C), 80.0, 73.0, 52.2 
(OMe), 51.7 (OMe), 47.1, 46.3, 36.8, 32.1; IR (KBr) 3500, 2950, 1770, 
1620, 1200 cm''; Anal. Calcd. for C19H22CI2O4: C 59.23, H 5.76; Found 
C 59.27, H 5.79. 


Disubstituted Acyioins: 

Acyloin 246i: Yield 96%, colorless solid, mp 70-72 °C, 'H NMR 5 
6.1 1-6.00 (m, IH, olefinic), 5.37 (d, IH, 9.8 Hz, olefinic), 5.29 (d, 
1H,J= 17.1 Hz, olefinic), 3.64 (s, 3H, OMe), 3.55 (s, 3H, OMe), 3.46- 



3.40 (m, IH), 2.99 (dd, IH, J= 13.6, 5.4 Hz, 
allylic CH2), 2.90 (ddd, IH, =^2= 12.0 Hz, 
J 3 = 7.4 Hz), 2.83 (s, 1 H, D2O exchangeable, 
OH), 2.68 (dd, IH, J = 13.6, 9.8 Hz, allylic 


CH2), 2.56-2.47 (m, IH), 1.91-1.80 (m, IH), 1.73-1.65 (m, IH), 1.61- 


1.46 (m, 2H), 1.39-1.30 (m, IH); '^C NMR 5 204.0 (-C=0), 131.5, 
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123.2, 106.0, 81.0 (carbinol C), 78.9, 74.9, 52.9, 51.7, 51.1, 47 .8, 41.6, 
26.7, 25.8, 25.1; IR (KBr) 3400, 2900, 1740, 1600, 1420 cm '; Anal. 
Gated for CisHzoCIA: C 53.74, H 6.01 ; Found C 53.80, H 6.04. 


Acyloin 247i; Yield 98%, colorless solid, mp 72-74 “C, 'H NMR 8 
6.12-6.02(m, IH, olefinic), 5.41 (d, 1H,J* 10.0 Hz, olefinic), 5.32 (d, 
!H, y * 17.0 Hz, olefinic). 3.72 (s, 3H, OMe), 3.63 (s, 3H, OMe), 3.61- 



3.54 (m, IH), 3.08-3.02 (m, I H), 3.01-2.96 (m, 
I H), 2.90 (s, 1 H, D 2 O exchangeable, OH), 2.66 
(dd, IH, J * 13.6, 10.3 Hz, allylic CHi), 2.53 
(ddd, IH, “ 12.4 Hz, 7/* 5.9 Hz), 1.88- 
1.71 (m,2H), 1.66-1.49 (m,2H), 1.43-1.33 (m, IH), 1.39-1.30 (tn, IH); 
'■’C NMR S 203.4 (-C=0), 131.5, 123.2, 106.1, 81.3 (carbinol C), 72.6, 
69.3, 54.8, 51.8, 51.3, 50.9, 43.6, 26.2, 26.1, 25.5; IR (KBr) 3400, 
2900, 1750, 1610, 1400 cm’’; Anal. Gated for CijHjoBrjOi: C 42.48, H 
5.46; Found G 42.52, H 5.49. 


Acyloin 246j; Yield 96%, colorless solid, mp 108-1 10 "C, 'H NMR 5 

6.19-6.09 (m, IH, olefinic), 5.39 (d, IH, J « 
10.0 Hz, olefinic), 5.31 (d, IH, 17.1 Hz, 
olefinic), 3.67 (s, 3H, OMe), 3.58 (s. 3H, 
OMe), 3.10-3.03 (m, IH, one of the J « 1 1.2 
Hz), 2.94 (dd, IH, J « 13.8, 5.4 Hz, allylic GHj), 2.90 (s. IH, DjO 
exchangeable, OH), 2.70 (dd, IH, 13.7, 9.8 Hz, allylic CHj), 2.50 
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(ddd, 1 H, J = 13.3, 12.8, 4.4 Hz), 2.30 (ddd, 1 H, 7, = = 1 1 .2 Hz, Ji = 

5.7 Hz), 1.68-1.54 (m, 4H), 1.35-1.22 (m, 2H), 1.14-1.03 (m, IH); '^C 
NMR 5 203.2 (-C=0), 131.7, 122.9, 103.5, 81.0 (carbinol C), 80.2, 
76.6, 51.8 (OMe), 51.4 (OMe), 45.1, 42.3, 41.5, 20.6, 20.3, 19.6, 18.8; 
IR (KBr) 3400, 2900, 1760, 1620, 1080 cm''; Anal. Calcd for 
C, 6 H 22 Cl 204 : C 55.02, H 6.35; Found C 55.08, H 6.38. 


Acyloin 247j; Yield 97%, colorless solid, mp 112-114“C, 'HNMR5 
6.18-6.08 (m, IH, olefinic), 5.40 (d, IH, J= 10.0 Hz, olefinic), 5.32 (d, 
Mco. .OMe IH, J= 17.1 Hz, olefinic), 3.75 (s,3H, OMe), 
3.63 (s, 3H, OMe), 3.13 (ddd, IH, J, =^2 = 
1 1 .2 Hz, = 7.2 Hz), 2.97 (dd, 1 H, 7 = 1 3.7, 
5.6 Hz, allylic CH 2 ), 2.93 (s, IH, DjO 
exchangeable, OH), 2.66 (dd, IH, 7= 13.7, 10.0 Hz, allylic CHj), 2.53 
(ddd, 1 H, 7/ = 72 = 1 3.7 Hz, 7j = 4.6 Hz), 2.30 (ddd, 1 H, 7/ = 72 = 1 1 .2 



Hz, 72= 5.1 Hz), 1.72-1.55 (m, 4H), 1.45-1.33 (m, IH), 1.24-1.17 (m, 
IH), 1.14-1.13 (m, IH); '^C NMR 5 202.6 (C=0), 131.8, 123.0, 103.4, 
8 1 .3 (carbinol C), 74.4, 71 .6, 52.0 (OMe), 5 1 .6 (OMe), 47.4, 43.8, 43.7, 
20.7, 20.3, 19.9, 19.4; IR (KBr) 3400, 2950, 1760, 1620, 1360 cm''; 
Anal. Calcd for Ci 6 H 22 Br 204 : C 43.86, H 5.06; Found C 43.90, H 5.01. 


Acyloin 246k: Yield 96%, obtained as a viscous liquid, 'H NMR 
5 6.16-6.06 (m, IH, olefinic), 5.38 (d, IH, 7= 10.0 Hz, olefinic), 5.31 
(d, IH, 7= 17.1 Hz, olefinic), 3.70 (s, 3H, OMe), 3.58 (s, 3H, OMe), 
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3.12 (dt, 1H,J= 12.5, 3.6 Hz,), 2.94 (dd, 1H,J» 13.8,5.7 Hz, aliylic 
CHj), 2.87 (s, IH, DjO exchangeable, OH), 2.68 {dd, 1 H, J= 13.9, 9.6 

Hz, aliylic CHj), 2.50 (dd, IH, = 12.4 

Hz), 2.26-2.17 (m, IH), 2.01-1.89 (m, 3H), 
1.80-1.78 (m, IH), 1.68-1.63 (m, IH), 1.22- 
1.08 (m, 3H), 1.00-0.95 (m, IH); '’C NMR 3 
202.9 (-C=0), 131.7, 123.0, 103.1, 81.4 (carbinol C), 80.2, 77.0, 51.8, 
51.4, 50.7, 48.7, 41.6, 31.0, 30.7, 28.8, 25.5, 24.5; IR (KBr) 3400, 



2900, 1760, 1620, 1380 cm''; Anal. Calcd for Ci7H24Cl204: C 56.21, H 
6.66; Found C 56.24, H 6.69. 


Acyloin 247k: Yield 97%, colorless solid, mp 93-195 “C, 'H NMR 5 
6.15-6.05 (m, 1 H, olefmic), 5.38 (d, IH, J“9.8 Hz, oIefmic), 5.31 (d, 
lH,y= 17.1 Hz, olefinic), 3.75 (s, 3H, OMe), 3.63 (s, 3H,OMe),3.12 

(dt, 1 H, y » 12.5, 3.5 Hz,), 2.96 (dd, IH, J - 
13.9, 5.6 Hz, aliylic CH 2 ). 2.90 (s, IH, D 2 O 
exchangeable, OH), 2.53 (dd, IH, J *= 13.9, 
9.8 Hz, aliylic CHj), 2.54 (dd, IH, J, » » 

12.1 Hz), 2.24-2.15 (m, IH), 2.04-1.97 (m. 3H), 1.77-1.67 (m, 2H), 
1.21-1.08 (m,3H), 0.99-0.90 (m, IH); "CNMR5202.3 (-C-0), 131.7, 
122.9, 102.1, 81.5 (carbinol C), 75.2, 72.5, 52.2, 52.1, 51.4, 49.5, 43.6, 
30.8, 30.6, 29.1, 26.2, 25.0; IR (KBr) 3400, 2900, 1740, 1600, 1 100 cm* 
Anal. Calcd for C,7H24Br204: C 45.16, H 5.35; Found C 45.21, H 
5.31. 
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Acyloin 2461: Yield 98%, colorless solid, mp 82-84 °C, ’H NMR 5 
6.17-6.06 (m, IH, olefinic), 5.36 (d, IH, J= 9.8 Hz, olefinic), 5.29 (d, 

IH, y = 17.1 Hz, olefinic), 3.71 (s, 3H, 
.Cl OMe), 3.58 (s, 3H, OMe), 2.87 (dd, IH, / = 
13.9, 5.6 Hz, allylic CH 2 ), 2.82 (dd, IH, J, = 
J 2 = 11.2 Hz), 2.75 (s, IH, D 2 O 

exchangeable, OH), 2.65 (dd, lH,y= 13.9, 9.5 Hz, allylic CH 2 ), 2.51 



(dd, 1 H, J/ = y? = 1 1 .2 Hz), 2.05-1 .94 (m, IH), 1 .84-1 .72 (m, 4H), 1.62- 
1.48 (m, 2H), 1.40-1.07 (5H); '^C NMR 5 202.6 (-C=0), 131.8, 122.7, 
102.7, 80.8 (2C), 77.9, 51.9 (OMe), 51.4 (OMe), 49.1, 48.7, 41.3, 31.6, 
30.8, 25.7, 25.0, 23.8, 21.1; IR (KBr) 3300, 2800, 1740, 1600, 1420 
cm''; Anal. Calcd for C,gH26Cl204: C 57.30, H 5.87; Found C 57.35, H 
5.91. 


Acyloin 246t: Yield 95%, colorless solid, mp 84-86 “C, 'H NMR 8 
6.17-6.06 (m, 1 H, olefinic), 5.13 (d, 1 H, J = 10.0 Hz, olefinic), 5.09 (d, 

IH, J= 17.1 Hz, olefinic), 4.97 (s, IH, D 2 O 
exchangeable, OH), 4.52 (d, 1 H, J = 1 0.7 Hz), 
3.83 (d, IH, y = 1 1.0 Hz), 3.68 (s, 3H, OMe), 
3.62 (s, 3H, OMe), 3.62-3.50 (m, 2H), 3.38 
(dd, lH,y= 10.7, 6.6 Hz),3.21 (ddd, lH,y,=y 2 = 8.8 Hz,y, = 2.0 Hz), 
2H); '^C NMR 5 202.9 (-0=0), 132.7, 1 17.8, 105.2, 82.4 
76.9, 73.6, 67.1, 66.8, 53.0, 51.9 (OMe), 51,2 (OMe), 
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49.2, 41.1; !R (KBr) 3200, 2850, 1750, 1600, 1400 cm Anal. Calcd 
forCuHisCbOs: C 49.87, H 5.38; Found C 49.82, H 5.41. 


Acyloin 247t: Yield 95%, colorless solid, mp 76 “C, *H NMR 8 6.08- 
5.98(m, IH, olefinic), 5.07 (d, IH.J'^ 10.0 H 2 ,oIefinic), S.09(d, !H,y 
= 17.3 Hz, oleHnic), 4.85 (s, !H, D^O 
exchangeable, OH), 4.46 (d, IH, J = 10.7 Hz), 
3.75 {d, IH, J = 10.2 Hz). 3.66 (s, 3H, OMe), 
3.64 (dd, IH, J = 10.5, 6.4 Hz), 3.60 (s, 3H, 
OMe), 3.54 (dd, IH, 10.8, 7.3 Hz), 3.32 (dd, IH, 10.7, 6.7 Hz), 
3.27 (ddd, IH, J, = » 9.7 Hz, Jj * 2.0 Hz), 2.78-2.66 (m, 2H); "C 

NMR 8 202.3 (-C»0), 132.7, 117.9, 105.4, 82.6 (carbinol C), 70.0, 



67.4, 67.3, 67.1, 54.8, 52.0, 51.3, 50.5, 43.2; IR (KBr) 3400, 2800, 
1740, 1620, 1250 cm’'; Anal. Calcd for CuHigBrjOs: C 39.46, H 4.26; 
Found C 39.41, H 4.29. 


Acyloin 246v: Yield 98%, colorless solid (dichloromethuie-hexane), 
mp 139-140 °C,'H NMR 8 6.17-6.06 (m. 1 H, olefmic), 5.40 (d, 1H,J= 
9.3 Hz, olefmic), 5.31 (d, IH, J” 17.1 Hz, olefmic), 4.50-4.40 (m, 2H), 
4.21-4.1 1 (m, 2H), 3.73 (s, 3H, OMe), 3.61 (s, 3H, OMe), 3.33 (ddd, 
IH, lO.l Hz,Jj«2.2 Hz), 3.07-3.01 (m, lH),3.06(s, IH.DjO 

5xchan^ble, OH), 2.84 (dd. la J - 13.6, 5.6 Hz, allylic CHa), 2.64 
.dd, m, 13.9, 9.3 Hz, allylic CHj), 2.06 (s, 3H, Me), 1.99 (s, 3H, 
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Me); '^C NMR 5 201.1 (-C=0), 170.6 (0-C=0), 170.2 (0-C=0), 131.3, 
123.4, 102.3, 80.0 (carbinol C), 77.6, 76.7, 61.1, 59.9, 52.1 (OMe), 51.8 
(OMe), 46.9, 43.1, 40.4, 21.0 (Me), 20.6 (Me); IR (KBr) 3500, 2950, 

1760(br), 1600, 1380 cm''; Anal. Calcd. for 
C,8H24Cl208; C 49.22, H 5.51 ; Found C 49.26, 
H 5.49. 



Acyloin 247v: Yield 99%, colorless solid (dichloromethane-hexane), 
mp 143-144 °C, 'H NMR 5 6.20-6.09 (m, IH, olefinic), 5.41 (d, lH,/= 
10.0 Hz, olefinic), 5.32 (d, IH, 7= 17.1 Hz, olefinic), 4.48 (d, 1H,7 = 
5.4 Hz), 4.17 (d, IH, J = 6.6 Hz), 3.78 (s, 3H, OMe), 3.65 (s, 3H, 
OMe), 3.39 (ddd, 1 H, J, = J2 = 1 1 .6 Hz, J5 = 5.6 Hz), 3.08 (s, 1 H, D2O 

exchangeable, OH), 3.05 (ddd, 1 H, 7/ = ^2 = 

MeO OMc w 

O. A Br 11.7 Hz, 7f = 6.5 Hz), 2.84 (dd, IH, 7 = 



13.7, 5.6 Hz, allylic CH2), 2.60 (dd, 1H,7 = 


OAc 


-OAC 1 3.9, 9.8 Hz, allylic CH2), 2.06 (s, 3H, Me), 
1.99 (s, 3H, Me); '-'C NMR 5 200.7 (-0=0), 170.6 (0-0=0), 170.2 (O- 


0=0), 131.4, 123.4, 102.2, 80.1 (carbinol O), 71.3, 71.2, 61.9, 60.3, 
52.3 (OMe), 51.9 (OMe), 48.3, 44.0, 42.6, 21.0 (Me), 20.6 (Me); IR 
(KBr) 3350, 2900, 1730, 1610, 1320 cm''; Anal. Oalcd. for 
C,8H24Br208: 0 40.93, H 4.58; Found 0 40.97, H 4.55. 
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Keto lactone 248; Yield 97%, colorless solid (dichloromethane- 
hexane), mp 142-143 T, 'H NMR 8 6.20-6.10 (m, IH, olefinic), 5.26- 
5.21 (m, 2H, olefinic), 3.87 (d, IH, / “ 1 1.0 Hz), 3.79 (s, 3H, OMe), 



3.71 (s, 3H, OMe). 3.63 (s, 3H, OMc), 3.49 
(d, IH, J * 1 1.0 Hz), 2.81 (AB q, 2H, J « 

7.1, 1.3 Hz, allylic CHi); ’’C NMR 8 191.9 
(-CO), 170.6 (O-CO), 166.9 (0-0=0), 


129.8, 1 19.7, 101.5, 87.5, 76.3, 75.7, 53.4, 52.4, 52.1, 52.0, 50.6, 34.8; 


IR 2900, 1800-1750 (br), 1610, 1420 cm'; Anal. Calcd for 


CisHisCIzOt: C 47.51, H 4.25; Found C 47.54, H 4.23. 


Keto lactone 249; Yield 95%, colorless solid (dichloromethane- 
hexane), mp 140-142 *C, 'H NMR 8 6.22-6.1 1 (m, IH, olefinic), 5.26- 
5.20 (m, 2H, olefinic), 3.88 (d, IH, J = 10.9 Hz), 3.75 (s, 3H, OMe), 



3.72 (s, 3H, OMe), 3.67 (s, 3H, OMe), 3.56 (d, 
IH,y» 10.9Hz), 2.84(dt'/j ABq, 1H,J=7.1, 
1.3 Hz, allylic CHj), 2.75 (dt % AB q, lH,y- 

7.1, 1.3 Hz, allylic CHi); '*C NMR 8 190.5 (- 


C=0), 170.8 (0-C=0), 


167.0(0-0=0), 130.1, 119.5, 101.7, 87.5,68.7, 


67.2, 54.1, 53.3, 52.5, 52.2, 51.8, 37.0; IR 2900, 1760-1710 (br), 1600, 
1440 cm''; Anal. Calcd for C,jH, 6 Br 207 : C 38.49, H 3.45; Found C 
38.51, H 3.47. 
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Keto lactone 250: Yield 95%, colorless solid, mp 98 °C, 5.90-5.80 (m, 
IH, olefinic), 5.26-5.21 (m, 2H, olefinic), 3.70 (s, 3H, OMe), 3.62 (dd, 
IH, J= 10.2, 3.7 Hz), 3.40 (dd, IH, J= 5.5, 1.1 Hz), 3.32 (s, 3H, 
OMe), 3.30 (s, 3H, OMe), 3.27 (dd, IH, J= 10.2, 5.1Hz), 3.08 (dd, IH, 



J = 1.1, 3.5 Hz), 3.03 (dd, IH, J = 15.4, 
5.1Hz), 2.32 (dd, IH, J= 15.4, 9,2 Hz); '^C 
NMR 5 200.7 (-0=0), 173.9 (0-0=0), 169.6 
(0-0=0), 130.8, 120.2, 106.6, 88.7, 54.9, 


52.7, 51.5, 50.2, 49.4, 45.3, 43.1, 33.4; IR (KBr) 2950, 1760, 1700, 


1610, 1360 cm'' ; Anal. Oalcd. for OuHisOt: 0 58.06, H 5.85; Found 0 


58.10, H 5.88. 
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'H NMR (400 MHz) and '*C NMR (100 MHz) of compound 52b in CDCU 
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'H NMR (400 MHz) and ”C NMR (100 MHz) of compound 48n CDCI, 









'H NMR (400 MHz) and ‘^C NMR (100 MHz) of compound ll2j in CDCIj 
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'H NMR (400 MHz) and ”C NMR (100 MHt) of compound 


134inCl>a3 
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'H NMR (4(K) MHz) and '*C NMR (100 MHz) of compound 1631 in CDCI, 




‘H NMR (400 MHz) and '®C NMR (100 MHz) of coni|>ound 175 in CDCI3 
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C NMR (100 MHz) of diketone lb, corresponding ncyloins 1 Wb, !97b lITciKIj. 
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'H NMR (400 MHi) '*€ NMR (100 MH*) of campound liM in CDC l,. 



« ».S «.• < ' ' ».« . ' m 

'H NMR (400 MHz) of compound 24$ in CDCI, 
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Appendix: A. I Crystal data 


Table 1B.1. Crystal data and structare refiaemenf for 105a* 

Parameters 

Compound 105a 

Empirical formula 

CisHasNO, 

Formula weight 

335.39 

Temperature 

153 K 

Wavelength 

0.71073 A 

Crystal system 

Orthorhombic 

Space group 

Pbca 

Unit cell dimensions 

a =12.3 14(2) A a = 90“ 
b= 15.807(3)Ap = 90'’ 
c= 17.894(3) A y = 90" 

Volume, Z 

3483.0(10) A\ 8 

Density (Calculated) 

1.279 Mg/m' 

Absorption coefficient 

0.093 mm ' 

F(OOO) 

1440 

Crystal size 

0.8 X 0.45 X 0.2 mm 

0 range for data collection 

2.28 to 30.53 " 

Index ranges 

-17<h<17.-22<k<22. -24<1<2S 

Reflections collected 

40740 

Independent reflections 

5310[R(int) = 0.03191 

Refinement method 

Full-matrix least-squares on F* 

Data / restraints / parameters 

5310/0/220 

Goodness-of-fit on F^ 

1.051 

Final R indices (l>2o(l)] 

R1 =0.0390, wR2 = 0,1089 

R indices (all data) 

Rl =0.0527, wR2 = 0.1219 

Extinction coefficient 

0.0010(4) 

Largest diff. oeak and hole 

0.588 and -0.595 eA' 


* We are grateful to Professw H. Hart! «nd Frau I. BrtkJgwn of Institute of 
Inorganic and Analytical Chemistry. Freie UniversitSt. Berlin for providing X- 
ray crystal stucture of lOSa. 
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4 i i“.rv%ial ilaUi 


Table 2.1. Crystal d«t« and stnicture refincwcnt for 175* 


Parameters 

Compoand 175 

Empirical formula 

C„HmOm 

Formula wei^i 

530.47 

Temperature 

293(2) K 

Wavelength 

0.70930 A 

Crystal system 

Monoclinic 

Space group 

CIcI 

Unit cell dimensions 

a- 19.7410(15) A a » 90.000(7) “ 
b “ 9.5460(9) A p = 96.5 10(7) " 
c- 13.3000(11) A Y» 90.000(7)" 

Volume, Z 

2490.2(4) A\ 4 

Density (Calculated) 

1.415 Mg/m’ 

Absorption coefficient 

0.119 mm' 

F(OOO) 

1120 

9 range for data collection 

.07 to 24.92" 

Limiting indices 

-22<h<23.0<k< 11,-IS<I<0 

Reflections collected 

1652 

Independent reflections 

1652 IR(int) - 0.00001 

Absorption correction 

None 

Refinement method 

FulLmatrix least-squares on F^ 

Data / restraints / parameters 

1652/2/343 

Goodness-of-fit on F^ 

1.010 

Final R indices [l>2o(l)) 

R1 » 0.0367, wR2 - 0.0678 

R indices (all data) 

Rl» 0.0726, wR2 - 0.0820 

Extinction coefficient 

0.0021(3) 

Lm^est diff. peak mid hole 

0.174 and -0.174 eA*’ 




Table 2 . 2 . Crystal data md atractart r»R»eiwgiH for 181* 
Parameter Comfioaiid 181 

Empirica! formula ChHmCIjOu 

Formula weight 539.30 


Temperature 
Wavelength 
Crystal system 
Space group 
Unit cell dimensions 

Volume, Z 
Density (Calculated) 
Absorption coefficient 
F(OOO) 

0 range for data collection 
Limiting indices 
Reflections collected 
Independent reflections 
Absorption correction 
Refinement method 
Data / restraints / parameters 
Goodness-of-fit on F^ 

Final R indices [f>2a(I)] 

R indices (all data) 

Extinction coefficient 
Urgest diff. peak and hole 


293(2) K 
0.71069 A 
Triclinic 
P-1 

a * 8.062(5)A a - 104 68 1(5)" 
b* 10.868 (5)A n * 90 614" 
c = 13.771(5) A 7= 102 133(5)" 
n38.5(10)A\2 
1.573 Mg/m’ 

0.352 mm ' 

560 

1.53 to 24.97" 

0<h<9,-l2<k< I2.-I6<|< 16 
4310 

3997 (R(inl)- 0.0201) 

None 

Full-matrix least-squares on 

3997/0/323 

1.003 

Rl * 0.0491, wR2 = 0,1363 
R1 =0.0872, wR2 *0.15.30 
0 . 001 ( 2 ) 

0.367 and -0,360 cA ' 
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Empirical formula 
Formula weight 

Temperature 
Wavelength 
Crystal system 
Space group 
Unit cell dimensions 


Volume, Z 
Density (Calculated) 
Absorption coefficient 
F(OOO) 

8 range for data collection 
Limiting indices 
Reflections collected 
Independent reflections 
Absorption correction 
Refinement mediod 
Data / restraints f parameters 
Goodness-of-fit on F* 

Final R indices (I>2o(I)3 
R indices (all data) 
Extinctbn coefficient 
La 




Componad 176 


CmHmO,, 

532.44 

293(2) K 
0.71069 A 
Triclinic 

P-1 

A -8.142(5) A a -95.894(5)“ 

B - 10.888 (5)A p - 99.268(5) " 
C- 14.672(5) A Y« 102.143(5)“ 
1242.3(10) k\l 
1.423 Mg/m* 

0.122 mm' 

560 

1.42 to 24.97“ 

-9<h<9,.i2<k<0,-l7<l< 17 
4629 

4374 |R(mt)- 0.0143) 

None 

Full-matrix least-squares on F* 

4374/0/343 

1.077 

R1 « 0.0435, wR2- 0.1 134 
R1 - 0.0859, wR2- 0.1 209 
0.0063(16) 

184eA'* 
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Empirica! formula 

C„H,iCIA>' 

Formula weight 

367.33 

Temperature 

293(2) K 

Wavelength 

0.71069 A 

Crystal system 

Monoclinic 

Space ^up 

P2I2I21 

Unit cell dimensions 

t- 11.686 A a -90* 

b- 12.807 A (1-90 136' 
c- 12.280 (5) A T-W* 

Volume, Z 

1837,9(1.3) A’. 4 

Density (Calculated) 

1.328 Mg/m’ 

Absorption coefficient 

0.4,32 mm ' 

F(OOO) 

776 

6 range for data collection 

2.30 lo212r 

Limiting indioe» 

•I4<h< 14. 14 ' K <0, -13 < 

Reflections collected 

3166 

independent reflections 

2877 (R(inf)- 00111 J 

Absorption correction 

None 

Refinement method 

Fuil*mairi]i lesal-iM|i*afitft on F’ 

Data / restraints / parameters 

2877/0/206 

Goodness-of-fit on 

0.944 

Final R indices (!>2o(l)] 

Rl -0.0574. w|l2-0 1324 

R indices (ail dhda) 

Rl -O.I4IO.wR2»0 1582 

Extinction coefficient 

0.028(3) 

Largest diff. peik and hole 

0.239 and 41 293 cA ’ 
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Appendix: A. I Crystal data 


Table 3B.2. Crystal data and structure refinement for OAC 
Parameters Compound 239d 

Cu H|g C7 Os 


Empirical formula 
Formula weight 

Temperature 
Wavelength 
Crystal system 
Space group 
Unit cell dimensions 

Volume, Z 
Density (Calculated) 
Absorption coefficient 
F(OOO) 

0 range for data collection 
Limiting indices 
Reflections collected 
Independent reflections 
Absorption correction 
Refinement method 
Data / restraints / parameters 
Goodness-of-fit on F^ 

Final R indices [I>2a(l)] 

R indices (all data) 
Extinction coefficient 
Lturgest diff. peak and hole 


353.185 

293(2) K 
0.71069 A 
Monoclinic 
P121\al 

a = 14.233(5) A a = 90.000(5) ° 
b = 10.909(5) A p = 108.626(5) ® 
c = 21.821(5) A 7 = 90.000(5)° 
321 1(2) A^ 4 
1.461 Mg/m^ 

0.429 mm'' 

1472 

1.97 to 24.98° 

16<h<0,0<k< 12,-24<l<25 
5875 

5623 [R(int) = 0.0975] 

None 

Full-matrix least-squares on F^ 

5623/0/406 

0.932 

R1 = 0.0556, wR2 = 0.1466 
R1 =0.1679, wR2 = 0.1915 
0.0000(4) 

0.366 and -0.405 eA"’ 
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Table 3B.3. Crystal data and structure refinement for 244* 


Parameters 

Compound 244 

Empirical formula 

C 19 H 22 CI 2 O 4 

Formula weight 

385.27 

Temperature 

293(2) K 

Wavelength 

0.71069 A 

Crystal system 

Orthorhombic 

Space group 

Pbca 

Unit cell dimensions 

a= 10.477 A a = 90‘> 
b= I3.687Ap = 90° 
c= 12.280 A y = 90° 

Volume, Z 

3678(2) A\ 8 

Density (Calculated) 

1.392 Mg/m^ 

Absorption coefficient 

0.374 mm’’ 

F(OOO) 

1616 

0 range for data collection 

1.59 to 22.47“ 

Limiting indices 

0<h<ll,0<k<14,0<l<27 

Reflections collected 

2402 

Independent reflections 

2402 [R(int) = 0.0000] 

Absorption correction 

None 

Refinement method 

Full-matrix least-squares on F^ 

Data / restraints / parameters 

2402/0/231 

Goodness-of-fit on F^ 

1.056 

Final R indices [I>2a(I)] 

R1 = 0.0344, wR2 = 0.0892 

R indices (all data) 

R1 =0.0643, wR2 = 0.1016 

Extinction coefficient 

0.0027(4) 

Largest diff. peak and hole 

0.229 and -0.298 eA'^ 


*The solvent of crystallization and melting point of the crystal is given in the 
experimental section. The structure was solved by WinGX - Version 1.64.03a, 
An Integrated System of Windows Programs for the Solution, Refinement and 
Analysis of Single Crystal X-Ray Diflraction Data by Louis J. Farrugia, Dept, 
of Chemistry, University of Glasgow (1997-2002). L. J. Farrugia, J. Appl. 
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Cryst. (1999) 32, 837-838. The structure was solved initially with S1R97 and 
then refined with SHELX-97, which are incorporated in WinGX. The structure 
was refined by fiiH-matrix least-squares methods on F^2. The hydrogen atom 
positions were initially determined by geometry and refined by a riding model. 
Non-hydrogen atoms were refined with anisotropic displacement parameters. 



List of New Compouds 



X=CI, R«, R2 


3c IMS, H 
3r (CH 2 ) 2 Br, H 
3s (CH 2 ) 3 Br, H 
31 -(CHjV 

3 p- 0 C(CH 3 ) 20 - 
166 -(CH 2 -CH 

(Me)-CH 2 ) 
m CHO, CH2COMe 

X»Br,R‘,R 2 
4b OEt, H 
4cTMS,H 
4g CHjBr, H 
4i ^CH2)r 
4k .(CH2)4- 
4ii .0C(0)0- 
4oOH, OH 
4p -OCCCHjljO- 



X, R», R^ R^ 


57 a a a Me 

59 Cl, Ph, Me, H 

60 Br, Ph, Me, H 
6Sa,E, Me,H 
69 Br, E, Me, H 

ECOjMe 



X=Cl, R‘,R2 


lb OEt, H 
lcTMS,H 
Ig CH2Br, H 
Ih CHjCkH 
Ir (CH 2 ) 2 Br.H 
Is (CH 2 ) 3 Br, H 
rt -(ch 2 ) 3 - 
Ik -(CH2)4- 
lp-OC(CH3)20- 
167 -(CHj-CH 

(McKHj) 


X*Br, R‘, R2 


2b OHl, H 
2 c’tmH 
2g CH2Br,H 
2h CHjCI, H 
2 i 

2k 4CH2)4- 
2p<X:(CHj)20- 



X, R*, K\ 


59a,Ph, Me,H 
60 Br, Ph, Me, H 
67Br,E, Mc, H 



79TMS,H 

50bOEl,H 


50s (CH 2 ) 3 Br, H 
50 p-OC(CH 3 ) 2 O- 
141 -{CH2)20H- 



58 E, H. Me 
64 Pb, Me. H 
72 E, Mc,H 





X=C!, R’, R2 


5IaPh,.H 
5!bOEt,H 
5 lp<X:(GHj) 20 - 
5U -(CH2)3- 
51k ^CH2)4- 
I68-(CHj-CH 

(McKHj) 


X*Bf, Rt, R* 

52* Ph, H 
52b OEl, H 
52p-OC(CH3)20 
521 

52k -(CH2)4- 



X, Rt, R^,R^ ] 


65CI,Ph, Me,H 
63Br,Ph, Mc,H 
76a.E, lV!e,H 
73Br,E, Mc,H 
U4H,Ph, Mc,H 

113 (CH 2 ) 2 CKPh, 

Me,H 
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w II. oi-i 

WCl.Oft 


a/ Arm ( ompoun^% 


f| 





Me 

I24«x--C| 
124b X^Br 




3S3 


hn (4 
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|x-ci.r1 

196a Ph 
196b OEt 
196cCHjOAC 
1964 OAC 
196eTMS 
196f COjMe 

{x»°Br.R 

198a Ph 
198b OEt 
198cCHjOAC 
I98d OAC 
I98f COjMe 


MeO _OMc 



List of New Compounds 



197b OEt 
197c CHjOAC 
197d OAC 
197e TMS 
197f COjMe 

lx=B:,R 


199b OEt 
199c CH, OAC 
199d OAC 
199f COjMe 




2021 Cl, -{CHj)j- 
202j Cl,-(CHj)r 
2021 Cl, -(CHj)t- 
203 Br, -(CHj) 4 - 



200 bE.H.Me 
201b Ml. Me. H 






206 Cl 

207 H 



213a Cl. Ph 
213b Cl, OEt 
213d Cl.OAc 
213e Cl. I MS 
215b Br. OEt 



214 R- Ph 
221 R-OEt 





217 

E-CO^e 


218 


219 



List of New Compounds 
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238«Ph 
238b OEt 
2^CHjOAC 
238d OAC 
238* TMS 
mt COiMe 



240>Ph 
240b OEt 
240(1 OAC 
240f COjMc 


239»Ph 
129b OEt 
239c CH, OAC 
239d OAC 
239* TMS 
239f CO;^* 



241iPh 
24ibOEt 
240d OAC 
241f COjMe 


246i Cl. -(CH,> 3 - 
240i C1 .-<CHi) 4- 
246k CI.-{CHj)5- 
2461C1,-(CHj) 4- 
246t CI, -0-(CH2)2'0' 
246 vCI,CH20Ac 


MeO^OMe 

O. A 


J 242 Ph 

2471 Cl. -(CH 2 ),- 

, V M(sO oMe 

247j Ci.-(CHi) 4 - 'yf 

247ka.-(CHjV 

247ia.-OKCH2)2-0-^^^ I \ ('E 

247 VCI.CH 2 OAC OH 224* "'Ph 



E-COjMc 


223a Cl. Ph 
223b Cl, OEt 
225b Br, OEt 






Appendix: A.3 Publications 


JIAC S 

eOMMUNICATlOH* 


Synthnte t)f a Newa, HHiMy SymmMrie Bi»Ox>Of^^ 

M Aliiilid fOlin* «nd 

Dipwi'iiiHil 4 Chmmtrjf. Mim i lbi i i Maat XM^JOii OM Zarfl# , 





'w a pint dW Md ipaeiNMoafiie 

iir i- t a dg pi i iwi t, * TiMf ' iM i u .>» i fi iti li i ii ifwiii i i lyii iMu ip ^ due w 

of a aWi etaH dF MMiiMMi jQfiMMSt auiMbi^ eiutocyidie cmu* 

’wbnii 'birwi diwtHi MMubdan etMuMandrihi eMHwit Iimiimi due t# 
tbc aMMton iH aaii la nmni aandit pvaiMaiiai awiMWiiid lijf dMM 
aamipiiitd la dMi af laibMi'llMlIC iiHlidaiai^ IHMi il|dd *1iiiihRa* 

dti w a i iiii a i ^ ax twit i* i toa feW N y af 

aa a aF aadMattid datbaMiaaii^ aidtb luiat asaa iweyiaa ^ 

piaawllaim lua 1mm aaa .'U d j i e ia d 

al inc a i a iWcM o wi tldSrt^aiii l liittaiaa i ^i 
dIbBtoaf 3 tikKid ama fanaMMl^ d^p^wHiai aa dw faMdaa caad^ 
liaaMb* At iltia .JuvaiMk, aa w aaipaid e f Un t i i* fnpava 
die }Nai4 af S fcapkaM af im laaNNMHM w a fataaM baiMina 
bloelL Siwaol taaadt af apdaibMioa adbcai laid ac no anpaic 
imrtaiit-faiy tiji dHnitnai 1 tl lyiMatnaixt yliM Rtayly by ■itijai. 
aa a^M aatadoa ar t m abOb »d IJ a^da aT 
paaiaa la dM adbMMW k ldaa^<Xb at 0 

baii^**ddiaRoaii 3 naa aiA^lbatad ta a dioaa caaiRRijja aaaaiaa 
aMdlpyiaii dkddaa IbOin aa allldbuit aMHbad aw lanw la p w ii i y 
daMoMaaiid Ibc die daiiaidt af adair aadNnyii atdfceioank* 

A A.- .Mk .. . m .jm — *^.a .: ....^ . .. A .7:.^. , : 

'Uw aaNBwaMMMt # anawNa» apiii iwpMipNK aMUMmi 

wWi ■iw a i aailii ira. a » i > wd b l* w d anit af a a a yio da wi <d » a» ia 
^ 0aii«aa 3 )l« m la ^ MMIt ivM 

A rf iifl ^ iduibauk JL Jt m 

ijaaaiiiaj)f ibawa ta tdMRt da imiiaf daapaaiii wii'iaawaiifa* 

m vot m MX ti. boot a A AM. aoa ' 


•MmwC. faitwAim<MyMdOxidaaMot8laaddu^ 
aHwi' a h i iB oe > 




* AMaaia ad aaMWow; «) HiOH‘>M«OH, wil^ 
b) CHdb. «ao*»M)ii ti:fx a *t. 


aaify anifMii ibe aaQMaaMdc FutanycKc bii*licaMe stnicaMa 
4i 7bt lalaar laoloaa* aMdi ia aiMB lymnclric. wM isd^pMd Q* 
'ipnawate iMatM^Klfe 

A caMM sbMmdoB cdtiw lirucaiial mo^bdbfy af dw ininor 
4Q<ji|)namcak paaM]|«ik bif4K^^ 
aM <v Wbl(dl WOttW M fBMfMed OpOR 

0dli^ 2X | KM > a w Mftib l y dipaiMi liiKHude aMwdetdHtaM 
eapadad la aadma tonai o kcMltf ftca^a^ftee QfdiaiiaB 
ww i dat ia a <m«i couf tm i t Oa the athif haad. a tdadvdy 
laabad biawaa-MApd CQoaMa^ 

lb*, ta chMdc d» fMili^ uTiUk ]daa. IM 

bMiMaaa laflaxad wtM IliOH k aqawM 

BMifidGadaaaribcGaMbpradiiOwikdinoaiedm 

laaar lapaMMlMa. a abainad aavd bis'Ma-M^ 

k S2H ykid. dodi Md **C>ddR ipeciia teveal i hi^ 

tpiMMikd MiaMiiia. tk Ibw cMm fioupi 

MlJ&|fM^ldia« iwaMi»ofpaiik>M3.44aadX}l ppm wot 
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ORGANIC 

LETTERS 

Regio- and Diastereoseiective Reduction 
of Nonenollzable a-Diketones to ms' ilm 

Acylolns Mediated by indium Metai 

Faiz Ahmed Khan,* Jy(^irmtyat IMi, Wm Sabu, and StMd OuFia 

Oeparrment of Chemistry, Indian bmimte aftedmahgy, tCan^-ZOB 016 , India 
faiz^iiduacM 

R*cthr«d Jtnuiry 21, 2002 



a<)iketoMi «r« ettkkmily mduoKi idth Indlym rntM in in iit p««»inttK dt NHA Ml le atve rngio* and 

«^aaiMOiaitcthf«ty a)a eorrtapondNtg acyloin* in good M f xeaNim ytekL T)w elMMiOt fit d)t acyiokit 

pravidai a convaniant and ia0loaiitcBva icoaaa in highly hincilonaKaiMi ayoiafttnhMia aaftKWhrtdaliydaa, htiddlfiig Madta kt wganic 
ayndtMta, 


I( i« waU-known that the acyloia <a»h)tlrox^uMOfie) 
tiooit gr(M{»piayt an In^pOftaia lOb ki Mtahic 
ii at^deiiMaad in co<»|wiitKla of aabinl ofigit) aa w^i aa k 
achranoad inlBnMdbiai on fooio loiovnnl tarfK 

ivhjydtoxykia^^ aoa pfcipi i fwl by at^lcdn 
cd^oiKiiiiititot),^ aad ciadncdon 
of aKfiketones.^ Howeyar, die p robtenii of oywHnpdactioii 
to a difOlF or 10 an ot-oiediylaoe te aoae^ that ace asto^atod 
widi at oi'dllOBaxiea *—'*«[ procedttinB laaa 

OHacoHNQ^ iDsiooca Id die inoia loooM 


t4Ti.ogMartii«rti.S.4j $aba^T4liiwiBlw.H4 bfa^taad. Y.vh 





mm 4, a dm 

*f.> T.« !ihit if 

* d,x Omn 

dbn m Am W4 Mim E A dnh <9^ 

t4 aii^ 

mm omh A.t im fk A o»» chm imkm,n,m Yaam 

114 tiMli, T4 IML YanaiMiM^ El Aadti* 1 V h t m hal m tfdV. S3, 


mdmmdK^A\Jmdiim,%lAm,0mn.Sa€.tm$i,3O6^ 

I0.l02m»ssiaiec(£lt200 eaooeAinarteittC»afli(ed$oeia^ 
hUNMMd an Wah aanam 


tin, fadliiMHnodl^^ foiodotti taiya 

ilaaaicloael ftmian tetaaaiMsn. lUiMMHAMSiW mimmm ^ 

iMPPlpiiWMPii dM^lppI vfiWdPaHPPPiPiiHaiTdl^il Wmmm Vd 

laaadlitaE miiddlli^ cd m ladgMt fbr a aaaa)^^ 

i f ae afc ii ii iB il o t ii diet oootd be oanMi oot oyeo la wiear aa 
lolyoot, w kjhft tf a need to ri^pBnMHdy My * Hoavovor, 

lodiiddoais*'* ba TwriwTtfffiHTit of our wOric 
on Matfronadtalad foaodone,** m lapoit berelD a mUd, 
< lltem Manaooie i ecilyeioaie>oacylo<Baiae^aiedby 
f aMlM ii i H w f M la bieOII and la das yntetcffiPf of HKr* 

anaorML 

Tltt eec pM e e g^ d Seatonet l«^2dn wore pr^ased of-* 
IkMy la esMem yieldi bom die readily available Dida~ 
Alder adduc E ^* IbBoodii^ a laedbodology dovelofied leocndy 


tniaa I. C4 m Y. i{ cm iMi a«M. omm 

m tm i^crnt.-Ei imm, m , ». h»rt 
om mk M, 91^ m mam , l a Omamm mt, M 4it. 


A EE A m cam m m fA ^ U, €.44 Clwi. 

%m, immrn tm ss, ttm 

fimt.1 Bit, mi mkmm mmOd mm, E C; tm, A: 

Orehim E E dr» i, 2iM Mii 

( t ) ) fOoa F. A4 fMbim i4 Doe A A Alda Otm mk Mt 
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J Org €h»m. $7. 37S3-37S7 

An Easy Access to y-Uictono-Pusod CyclopootoO^*^ 

F»tz mtned Khwi.* J3r««irmtyii Dwh. Hilam S«tm. «n4 Ch. 

f»tmm fmgyt^^fTHiimiety. Kmg>ur^2(m 
/kgmtkMtM 
HmMhwdJmmmy H, 200g 

Ttm uicydk a*kitto hiattlaGaitai^ W* ^ «<»«aln«d tSpom ruthertium<*t»^2Jj^^ 

«CMU$4or 

«b hat aijobini atilwifctiid te dtrtvat>vt 25. Tha sgybi* * *1^1 7 iiaaiiigii^ 

gwnlahad «ii» « 

n ttddd deavagt with f*NOAt^. tlw a-hido «s^ taomy ht Sa was tranaSor^J^^^^ 

hiwy tagto- and ataraoi^iactW* oiimnaf ID 

tahJiittWh la 


IiicriMiitctikm 

y.ui»«»*«*d cydopwu®^^ 
nwdM ki «ra«)c and m aiao^ 

i^Hindint Mibainacturaa fbu^ In numafaya nMara^ 

()ecutTln*i»8laeulaa.Aey«lopai«nartit«rf»<W«ll»a 

oAkond of tha ylMttna la lha baalc amiaMaal unH id 

ffi«»CTBtda«aiidc«.allan0n«Wala^ 

Beadueta* and alt# Amttkina aa dw bailc bartWng btoek 
& aw avmhatla s» a varlaay ateydapantataald natural 

producta.* Tida provldad ua tha anpatua c# canoalv# a 
^Mvamant and ganartl mttkod to ttiai r jwapa nnian. 
Varieua «i>thatle aatthada hav# baan adaptad In dw 
Utaralun t« aoiulra Ihli Impaitart rin|a) ^.» Haw- 
avar. many aT that# art taf|it>-«tiawaf Wa daao^ 

h«am a nawl. ahart. and aBWarn madtaWaiy » 

(ha tyiaaptmanmdaMd y-lattanta nadU qt ya a f 
parauaahia adaantaita of thi atmeiuBid (toaftUlly and 
SinmlwiiltalcamwIaBirtdlvdiattti^^ 

iimmfvm:* 

ItedNs 

A. a P« «» *» nmaar^w^^ 

atatBn8ntttia»aaaaflirta|a»( b »ad| * aa d walii»»iy 


Sdaaaaali ^ aaa. 

^ 

v?r ViT 
X X"# 

miMMi vbMW J* * 

mwii 

^ fittrihidonflrborti*#i* ^Striwillwis* 
ftMpUMd thalwiiiblhty <^****** **^fx'l”ir^ 
tlofi «f UidIhidoilluNMf 

nerhom^ dtdvMtvdi <l — ** ** 

M hl||hly pelint *s^ 

iywdSwti. Cm «f 'th« 

im«fScslc<iiwtrd i hi ^ <i i i wi w^ 

diri¥fOvti S b *iw insportt^ 

u mi WMM 


Intarietlooa. Thoa. a*(B A# aaNtod«**>5** * * * • 
Mraayaiad(»l. a atabia baial»2jJ^^ 

cwrtwd 1MW l9(Slii^ 

«3db4id»tttuenic CR* « 
d 9tM hydritiw 4 CSctaoi tl* 

Tlw Mcy^ haidaiMal» **• 1 
011^ hucmm of tbs oct»if*4i«5t if2?^ 
itmturt In ooiiw ' 


bkdldb^ bio«ks in < 
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Ap(>endix: A J Puhitcaiiom 


Rearrangement of 

liept-S^2-oiie$ to f^iaiofie deriyatlm 


AlMdl ^yonmrit n^ 

Jlkpmmm Kmpmr-^mA, tn^ 

Ji€C*M(inOmMltf* VK>7tkS^§tmb«rmhAet^€4l7at0ei^r 300! 
Fim m m Aimt&t Artkit mt tkt wtk iStit iV#wmWr HOOi 



A smpte DM^^AIder ftMMe losdii^ to iMiliyi 23.4-iriiii^54«9^ 

ftxmitiaiwitt aexm^ wk)i 

nKxM 


BeftMane and its derMwtf ant axfiraendy ii»ciyi «ttrti«i 
autcarkdi ill d»e qmdMtiii «f tiiiat 
mdwtiial koportuncc* Tb« ftkid^Caia i«ac<ioii it «nt oC 
the I^MKtainefitai aietliodt'lbrtlieiyiiilMtadri^^ 
bcames f* sie^pw^ httrotebn of dw itt 
•TOBiatie rktf. Tlic r^iottAtodyc cot m tiietkwi «f ad btli t ii>td 
benxeiKS fiK|tiim caiefM tdioioe of nagaAtt WKf 
mru from bmuMM | ir»e « f«ftci AiOwiigti eycItHfiiiMA^^ 
of atkyMt to bemaieCTei intt oM oCiht iriq;)<MftMit m^ettoMi in 
the ymr } 94t (RtppeK U WM iiot uotlt thal 

metal tnadtated/cata^^ appeoachei ht Hie gyaMa of 
pofynmbftkuiKdbmmm^trM ^ ^/MtoooMmo d montm^ 
ivc t^temetive.’ Another ^oailhte malt to the of 

tubatkaied beiiaenei it efit eamtaloa of oarboA moaOKhie* or 
naatimBtiiieitt* teaetioii of i IhiffhiffHi derhndivHt 

Th«mMi ibi^Motaiioa of 

letiichlon»*S«3HlimithMyc^ t aiid mBmykok 

dieoo^pMtai 2 to fomiih aromatk proditctt mii wiienitytly 
itodied,* Ihi oortmimi4it«i« dtrivaiim $ m luiitiihie iod 
tHtdefyo ftit»f«Ngdu#M m the at aMdi ila^ ait 

aiiyAod» iiihir hy catiiiiioo of thmeihoeyaif^^ to #«t 
4 Of hf titidaiag Ow hrldpt onhoa ao 
yield aromatk aeteirii $ fegaadi^ <1^ W» hetatit m^poit a 
namiipwMai of die tfit ooMdooadi St and tl to iiM* 
latod 13 and 14 (actuiiiM (2H m heloM) and laipm 
a phtasiliia nwchiiiiitiii Jhr liw l!ingfaeeiiiaioa» 



ifttd ultir. Hiiiitow 


As iMnt of oor oiigoii^ rtatitfta dba^ loi^^ 

w tid t fi adlMoit of haloiaat of lettaiialo^ J^daictiioar^ 
de i^ y ft h ti^ 7 and % ant ptt pai td dit tet ta * 
l n lodtnteiiho>e>s>3>oimaoiayoi^ 

tdt'thf tedattiOf jNjrftdt^ Ik A ladSMAIdif 

itaofloa: b e t wti fi i et f i H 4 d it r^5v5‘'4 l ftt^ 

ylildL^ 3t w i il t f i|f liha Mhahtoato ditiitaciat a him |aa|Miad in 
alaaoit' iittaiiirakdtt yield by ndlaiditg dai ietndbioitio* 
ttotdMtayeydopcitiadia^ 4 aad vi^ aeetaie h tolaeoa. Urn 


MiO OM* 


f KiO 


aiai.iiiaittjUCO 
«r lilMiNk nAm tX«4at| 



7X«.a(f4«| 





fitMTtiiim 
ft XHtoM) 


nac.otjg 


A,ia 



fx«afiaft) 

tax^tmi 


•oetale iioa^ waa hydrohned aetaf K^CO» kt HaOfl and 
dal fitmlbwiji ftooiidavy alwhoii St and Id watt otOdtoedwith 
pyddhk^ dkhioma^ CHDC) in dkldMoo^^ to ihmbh 
cotvaiipofidla} S^oao oongtoaiidt )l and nin moOim 
yWdW«ta«ilh 

Tha imdaHKialaia addoeX T hata baaii addahr aaad fbf aipfdlear 
doaa — ><y J» iT n Themo ai eadi aa iHENto Howevaa 

5^ fhy ^ ^ fff jflf 

l^vdhnicy poop (of ij mu parlbraaad oidy alter ooopleie 
. ff a docti va dehal^paialkMw aSaoie the cart) 0 !ii}il profgi tKKdd be ^ 
expa^ 10 laaet Sa dm tadoctfve dehaloieRMloa mp. That 
meant lettalialo hatoiMn 11 and 12 have ■xvmkud mmpkued 
ioiiu, 

Tmotoiomodkuo&ioxyooihorthSott^ 12 waa Mada fbr 
ISm M iimt IbtSooHtisg die a«<|iiaaee ibotm in $ai^ 
tiiioi fd patiftoailon, piodiia 12 waa otyataOiaea hi humo 
to 1 ^ a tildie oryahdKae aodd r3h73 XI),, The iOlid, 
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aeoewiWe” nibitrates 1 becatue the tetncMora dcrivativet of I 
have been serving re cxcqittonaUy powerftil tonplatre for the 
syntbesra of iminerore compkx natural re wed re aesthetically 
pioaiRg tmeamsal prodiKre.” A carefol literature seaech 
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hydrrogti groups In 7a and 19a was partially affected, forming 
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